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METHOD 

FIELD OF INVENTION 

The present invention relates to a method for the in situ production of an emulsifier 
5 within a foodstuff by use of a lipid:sterol acyhransf erase. 

The present invention further relates to a method for the in situ production of an 
emulsifier within a foodstuff by use of a iipidrsterol acyhransferase, wherein the 
method is such that the emulsifier is produced without increasing or without 
10 substantially increasing the free fatty acids in the foodstuff. 

TECHNICAL BACKGROUND 

WO00/05396 teaches a process for preparing a foodstuff comprising an emulsifier, 
15 wherein food material is contacted with an enzyme such that an emulsifier is generated 
by the enzyme from a fatty acid ester and a second functional ingredient is generated 
from a second constituent WOOO/05396 teaches the use of a lipase or esterase 
enzyme. Nowhere in WOOO/05396 is the specific use of a Iipidrsterol acyltransferase 
taught 

20 

The use of lipases (EC. 3.1.1 jc) in the food and/or feed industries, for example in 
foods and/or feeds comprising cereals and, in particular in bread production, has been 
considered. For instance, in EP 0 585 988 it is claimed that lipase addition to dough 
resulted in an improvement in the antistaling effect. It is suggested that a lipase 
25 obtained from Rhizopus arrhizus when added to dough can improve the quality of the 
resultant bread when used in combination with shortening/fat WO94/04035 teaches 
that an improved softness can be obtained by adding a lipase to dough without the 
addition of any additional fet/oil to the dough. CasteUo, P. ESEGP 89-10 Dec. 1999 
Helsinki, shows that exogenous lipases can modify bread volume. 

30 
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The substrate for lipases in wheat flour is 1.5-3% endogenous wheat lipids, which are 
a complex mixture of polar and non-polar lipids. The polar lipids can be divided into 
glycolipids and phospholipids. These lipids are built up of glycerol esterified with two 
fatty acids and a polar group. The polar group contributes to surface activity of these 
5 lipids. Enzymatic cleavage of one of the fatty acids in these lipids leads to lipids with 
a much higher surface activity. It is well known that emulsifiers, such as DATEM, 
with high surface activity are very functional when added to dough. 

In addition, phospholipases, particularly phospholipase A2 (E.C. 3.1.1.4), have been 
10 used for many years for tbe treatment of egg or egg-based products (see US 4,034,124 
and Dutihl & Groger 1981 J. Sci. Food Agric. 32, 451-458 for example). The 
phospholipase activity during the treatment of egg or egg-based products results in the 
accumulation of polar lysolecithin, which can act as an emulsifier. Phospholipase 
treatment of egg or egg-based products can improve the stability, thermal stability 
1 5 under heat treatment such as pasteurisation and result in substantial thickening. Egg- 
based products may include, but are not limited to cake, mayonnaise, salad dressings, 
sauces, ice creams and the like. 

However, it has also been found that under certain conditions the use of lipases (E.C 
20 3.1.1 .X) in foodstuffs, particularly for example the use of phospholipases (E.C. 
3.1.1.4) for the treatment of egg or egg-based products, may have detrimental 
consequences, such as the production of off-flavours. In addition, the use of lipases 
(E.C. 3.1. 1.X) in dough products may have a detrimental impact on yeast activity, 
and/or a negative effect on bread volume. The negative effect on bread volume is 
25 often explained by overdosing. Overdosing can lead to a decrease in gluten elasticity 
which results in a dough which is too stiff and thus results in reduced volumes* In 
addition, or alternatively, such lipases can degrade shortening, oil or milk fat added to 
the dough. The disadvantages associated with the use of lipases, including 
phospholipases, may be caused by the build-up of free fatty acids released from the 
30 lipids. 
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Lipasexholesterol acyltransferases have been known for some time (see for example 
Buckley - Biochemistry 1983, 22, 5490-5493). In particular, 
glycerophospholipidxholesterol acyl transferases (GCATs) have been found, which 
like the plant and/or mammalian lecithinrcholesterol acyltransferases (LCATs), will 
5 catalyse fatty acid transfer between phosphatidylcholine and cholesterol. 

Upton and Buckley (TBS 20, May 1995 p 178-179) and Brumlik and Buckley (J. of 
Bacteriology Apr. 1996 p 2060-2064) teach a lipase/acyltransferase from Aeromonas 
hydrophila which has the ability to cany out acyl transfer to alcohol acceptors in 
10 aqueous media. 

SUMMARY ASPECTS OF THE PRESENT INVENTION 

According to a first aspect of the present invention there is provided a method of in 
15 situ production of an emulsifier in a foodstuff, wherein the method comprises the step 
of adding to the foodstuff a lipidrsterol acyltransferase as defined herein. 

In a further aspect, the present invention provides a method of in situ production of an 
emulsifier in a foodstuff, wherein the method is such that the emulsifier is produced 
20 without increasing or without substantially increasing the free fatty acids in the 
foodstuff, and wherein the method comprises the step of adding a lipid: sterol 
acyltransferase to the foodstuff. 

In another aspect, the present invention provides a method of in situ production of an 
25 emulsifier and either a sterol ester and/or a stanol ester in a foodstuff, wherein the 
method is such that the emulsifier is produced without increasing or without 
substantially increasing the free fatty acids in the foodstuff, and wherein the method 
comprises the step of adding a lipidrsterol acyltransferase to the foodstuff 

30 According to a further aspect of the present invention there is provided a method of in 
situ production of at least two emulsifiers and either a sterol ester and/or a stanol ester 
in a foodstuff, wherein the method is such that the emulsifiers are produced without 
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increasing or without substantially increasing the free fatty acids in the foodstuff, and 
wherein the method comprises the step of adding a lipid: sterol acyltransferase to the 
. foodstuff. 

5 In another aspect, the present invention provides a method of in situ production of an 
emulsifier, a carbohydrate ester and either a sterol ester and/or a stanol ester in a 
foodstuff, wherein the method is such that the emulsifier is produced without 
increasing or without substantially increasing the free fatty acids in the foodstuff, and 
wherein the method comprises the step of adding a lipidrsterol acyltransferase to the 
10 . foodstuff 

According to a further aspect of the present invention there is provided a method of 
production of a foodstuff comprising an emulsifier, wherein the method comprises the 
step of adding to the foodstuff a lipid.sterol acyltransferase as defined herein. 

15 ^ . 

In a further aspect, the present invention provides a method of production of a 
foodstuff comprising an emulsifier, wherein the method is such that the emulsifier is 
produced without increasing or without substantially increasing the free fatty acids in 
the foodstuff, and wherein the method comprises the step of adding a lipidisterol 

20 acyltransferase to the foodstuff. 

In another aspect, the present invention provides a method of the production of a 
foodstuff comprising an emulsifier and either a sterol ester and/or a stanol ester, 
wherein the method is such that the emulsifier is produced without increasing or 
25 without substantially increasing the free fatty acids in the foodstuff, and wherein the 
method comprises the step of adding a lipid:sterol acyltransferase to the foodstuff. 

According to a further aspect of the present invention there is provided a method of the 
production of a foodstuff comprising at least two emulsifiers and either a sterol ester 
30 and/or a stanol ester, wherein the method is such that the emulsifiers are produced 
without increasing or without substantially increasing the free fatty acids in the 
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foodstuff, and wherein the method comprises the step of adding a lipid:sterol 
acyltransfexase to the foodstuff 

In another aspect, the present invention provides a method of the production of a 
5 foodstuff comprising an emulsifier, a carbohydrate ester and either a sterol ester and/or 
a stanol ester, wherein the method is such that the emulsifier is produced without 
increasing or without substantially increasing the free fatty acids in the foodstuff, and 
wherein the method comprises the step of adding a lipidisterol acyltransfexase to the 
foodstuff 

10 

In another aspect, the present invention provides use of a lipid rsterol acyltransfexase to 
prepare from a food material a foodstuff comprising an emulsifier, wherein the 
emulsifier is generated from constituents of the food material by the lipidisterol 
acyltransferase. 

15 

In a further aspect, the present invention provides use of a lipidisterol acyhransf erase 
to prepare from a food material a foodstuff comprising an emulsifier, wherein the 
emulsifier is produced without increasing or without substantially increasing the free 
fatty acids in die foodstuff, and wherein the emulsifier is generated from constituents 
20 of the food material by the lipidisterol acyltransferase. 

In another aspect, the present invention provides use of a lipidisterol acyltransferase to 
prepare from a food material a foodstuff comprising an emulsifier and either a sterol 
ester and/or a stanol ester, wherein the emulsifier is produced without increasing or 
25 without substantially increasing the free fatty acids in the foodstuff, and wherein the 
emulsifier and/or sterol ester and/or stanol ester is/are generated from constituents of 
the food material by the lipidisterol acyltransferase. 

According to a further aspect of the present invention there is provided use of a 
30 lipidisterol acyltransferase to prepare from a food material a foodstuff comprising at 
least two emulsifiers and either a stool ester and/or a stanol ester, wherein the 
emulsifiers are produced without increasing or without substantially increasing the free 


NZAS-02 12264 


6 


fatty acids in the foodstuff; and wherein one or both of the emulsifiers and/or the stool 
ester and/or the stanol ester is/are generated from constituents of the food material by 
the fipi±sterol acyltransferase. 

5 In another aspect, the present invention provides use of a lipid:sterol acyltransferase to 
prepare from a food material a foodstuff comprising an emulsifier, a carbohydrate ester 
and either a sterol ester and/or a stanol ester, wherein the emulsifier is produced 
without increasing or without substantially increasing the free fatty acids in the 
foodstuff; and wherein the emulsifier and/or the carbohydrate ester and/or the sterol 
10 ester and/or the stanol ester is/are generated from constituents of the food material by 
the lipidrsterol acyltransferase. 

In accordance with a further aspect of the present invention there is provided a method 
of the in situ production of an emulsifier, preferably a lysolecithin, a carbohydrate 
15 ester, preferably glucose ester, and a sterol ester in a egg based foodstuff, wherein the 
method is such that the emulsifier is produced without increasing or without 
substantially increasing the free fatty acids in the foodstuff; and wherein the method 
comprises die step of adding a lipid:sterol acyltransferase to the foodstuff. 

20 In another aspect, the present invention provides a method of production of a egg 
based foodstuff comprising an emulsifier, preferably a lysolecithin, a carbohydrate 
ester, preferably glucose ester, and a sterol ester in a egg based foodstuff; wherein the 
emulsifier is produced without increasing or without substantially increasing the free 
fatty acids in the foodstuff, and wherein the method comprises the step of adding a 

25 lipidisterol acyltransferase to the foodstuff 

In a further aspect, the present invention further provides a foodstuff obtainable by, 
preferably obtained by, a method according to the present invention. 

30 
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DETAILED ASPECTS OF THE PRESENT INVENTION 

The term "lipid: sterol acyhransferase** as used herein means an enzyme which as well 
as having lipase activity (generally classified as E.C. 3.1. Ijc in accordance with the 
5 Enzyme Nomenclature Recommendations (1992) of the Nomenclature Committee of 
the International Union of Biochemistry and Molecular Biology) also has 
acyltransferase activity (generally classified as EC. 2.3.1.x), whereby the enzyme is 
capable oftransferring an acy] group from a lipid to a sterol and/or a stanol. 

10 In one aspect, the lipid:sterol acyltransferase may, as well as being able to transfer an 
acyl group from a lipid to a stool and/or a stanol, additionally be able to transfer the 
acyl group from a lipid to a carbohydrate. 

Preferably, the lipid substrate upon which the lipidrsterol acyltransferase according to 
15 the present invention acts is one or more of the following lipids: a phospholipid, such 
as phosphatidylcholine for example, a triacylglyceride or a diglyceride. Tliis lipid 
substrate may be referred to herein as the "lipid acyl donor". The term 
phosphatidylcholine as used herein is synonymous with the term lecithin and these 
terms may be used herein interchangeably. 

20 

For some aspects, preferably the lipid substrate upon which the lipidrsterol 
acyltransferase acts is a phospholipid, such as phosphatidylcholine. 

Preferably the lipid substrate is a food lipid, that is to say a lipid component of a 
25 foodstuff. 

Fox some aspects, preferably the lipicLsterol acyltransferase according to the present 
invention is incapable, or substantially incapable, of acting on a triglyceride and/or a 1- 
monoglyceride. 

30 

Suitably, the lipid substrate or lipid acyl donor may be one or more lipids present in 
one or more of the following substrates: fats, including lard, tallow and batter fat; oils 
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including oils extracted from or derived from palm oil, sunflower oil, soya bean oil, 
safflower oil, cotton seed oil, ground nut oil, corn oil, olive oil, peanut oil, coconut oil, 
and rape seed oiL Lecithin from soya, rape seed or egg yolk is also a suitable lipid 
substrate. 

5 

In one aspect the lipid acyl donor is preferably lecithin (phosphatidylcholine) in egg 
yolk. 

For some aspects of the present invention, the lipid may be selected from lipids having 
10 a fatty acid chain length of from 8 to 22 carbons. 

For some aspects of the present invention, the lipid may be selected from lipids having 
a fatty acid chain length of from 16 to 22 carbons, more preferably of from 16 to 20 
carbons. 

15 

For some aspect of the present invention, the lipid may be selected from lipids having 
a fatty acid chain length of no greater than 14 carbons, suitably from lipids having a 
fatty acid chain length of from 4 to 1 4 carbons, suitably 4 to 1 0 carbons, suitably 4 to 8 
carbons. 

20 

Suitably, the Iipid:steroI acyltransferase according to the present invention may exhibit 
one or more of the following lipase activities: triacylglycerol lipase activity (E.C. 
3.1. 13), phospholipase A2 activity (E.C 3.1.1.4) or phospholipase Al activity (E.C. 
3.1.132). 

25 

For some aspects, preferably the lipidrsterol acyltransferase according to the present 
invention does not exhibit triacylglycerol lipase activity (E.C. 3.1.13). 

The lipidrsterol acyltransferase is capable of transferring an acyl group from a lipid to 
30 a sterol and/or a stanol. Thus, the w acyl acceptor" according to the present invention 
may be either a sterol or a stanol or a combination of both a stool and a stanol. 
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Suitable sterol acyl acceptors include cholesterol and phytosterols, for example alpha- 
sitosterol, beta-sitosterol, stigmasteroL, ergosteroL, campesterol, 5,6-dihydrostero], 
hrassicasterol, alpha-spinasterol, beta-spinasterol, gamma-spinasterol, deltaspinasterol, 
fucosterol, dimostool, ascosterol, serebisterol, episterol, anasterol, hyposterol, 
5 chondrillastool, desmosterol, chalinosterol, poriferastool, clionastexol, and other 
natural or synthetic isomeric forms and derivatives. 

In one aspect, preferably the stool acyl acceptor is one or more of the following: 
alpha-sitosterol> beta-sitosterol, stigmasteroi, ergosterol and campesterol. 

10 

In one aspect, preferably the sterol acyl acceptor is cholesterol. When it is the case 
that cholesterol is the acyl acceptor for the Kpidrsterol acyhransferase, the amount of 
free cholesterol in the foodstuff is reduced as compared with the foodstuff prior to 
exposure to the lipicLsterol acyhransferase and/or as compared with an equivalent 
1 5 foodstuff which has not been treated with the lipid:sterol acyhransferase. 

Suitable stanol acyl acceptors include phytostanols, for example beta-sitostanol or ss- 
sitostanoL 

20 In one aspect, preferably the stool and/or stanol acyl acceptor is a stool and/or a 
stanol other than cholesterol. 

In some aspects, the foodstuff prepared in accordance with the present invention may 
be used to reduce blood serum cholesterol and/or to reduce low density lipoprotein. 
25 Blood serum cholesterol and low density lipoproteins have both been associated with 
certain diseases in humans, such as atherosclerosis and/or heart disease for example. 
Thus, it is envisaged that the foodstuffs prepared in accordance with the present 
invention may be used to reduce the risk of such diseases. 

30 Thus, in one aspect the present invention provides the use of a foodstuff according to 
the present invention for use in the treatment and/or prevention of atherosclerosis 
and/or heart disease. 
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m a further aspect, the present invention provides a medicament comprising a 
foodstuff according to the present invention. 

5 In a further aspect, the present invention provides a method of treating and/or 
prevention a disease in a human or animal patient which method comprising 
administering to the patient an effective amount of a foodstuff according to the present 
invention. 

10 Suitably, the sterol and/or the stanol "acyl acceptor" may be found naturally within the 
foodstuff. Alternatively, the sterol and/or the stanol may be added to the foodstuff. 
When it is the case mat a sterol and/or a stanol is added to the foodstuff, the sterol 
and/or stanol may be added before, simultaneously with, and/or after the addition of 
the lipidrsterol acyltransferase according to the present invention. Suitably, the present 

15 invention may encompass the addition of exogenous sterols/stanols, particularly 
phytosterols/phytostanols, to the foodstuff prior to or simultaneously with the addition 
of the enzyme according to the present invention. 

For some aspects, one or more sterols present in the foodstuff may be converted to one 
20 or more stanols prior to or at the same time as the lipid:sterol acyltransferase is added 
according to the present invention. Any suitable method for converting sterols to 
stanols may be employed The conversion may be conducted prior to the addition of 
the lipiisterol acyltransferase in accordance with the present invention or 
simultaneously with the addition of the upi<Lsterol acyltransferase in accordance with 
25 the present invention. Suitably enzymes for the conversion of sterol to stanols are 
taught in WOOO/061771 . 

Suitably the present invention may be employed to produce phytostanol esters in situ 
in a foodstuff Phytostanol esters have increased solubility, bioavailability and 
30 enhanced health benefits (see for example WO92/99640). 
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In some embodiments of the present invention the stanol ester and/or the sterol ester 
may be a flavouring and/or a texturiser. In which instances, the present invention 
encompasses the in situ production of flavourings and/or texturisers. 

5 For some aspects of the present invention, the lipid:sterol acyhransf erase according to 
the present invention may also utilise a carbohydrate as the acyl acceptor. In such 
instances the carbohydrate acyl acceptor may be one or more of the following: a 
monosaccharide, a disaccharide, an oligosaccharide or a polysaccharide. Preferably, 
die carbohydrate is one or more of the following: glucose, fructose, anhydrofructose, 
10* maltose, lactose, sucrose, galactose, xylose, xylooligosacharides, arabinose, 
maltooligosaccharides and tagatose. 

Suitably, the carbohydrate "acyl acceptor" may be found naturally within the 
foodstuff Alternatively, die carbohydrate may be added to the foodstuff. When it is 
IS the case that the carbohydrate is added to the foodstuff, die carbohydrate may be added 
before, simultaneously with, and/or after the addition of the lipidrsterol acyftransferase 
according to the present invention. 

Carbohydrate esters can function as valuable emulsifiers in foodstuffs. Thus, when it 
20 is the case that the enzyme functions to transfer the acyl group to a sugar, the invention 
encompasses the production of a second in situ emulsifier in the foodstuff. 

The utilisation of lipidrsterol acyltransferase which can transfer the acyl group to a 
carbohydrate as well as to a sterol and/or a stanol is particularly advantageous for 

25 foodstuffs comprising eggs. In particular, the presence of sugars, in particular glucose, 
in eggs and egg products is often seen as disadvantageous. Egg yolk may comprise up 
to 1% glucose. Typically, egg or egg based products may be treated with glucose 
oxidase to remove some or all of this glucose. However, in accordance with the 
present invention this unwanted sugar can be readily removed by "esterifying" the 

30 sugar to form a sugar ester. 
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Thus in accordance with the present invention, one or more of the following 
advantageous properties can be achieved: in situ production of an emulsifier without 
an increase in free fatty acids; a reduction in the accumulation of free fatty acids in the 
foodstuff; a reduction in free cholesterol levels in the foodstuff; an increase in sterol 
5 esters and/or stanol esters; a reduction in blood serum cholesterol and/or low density 
lipoproteins; an increase in carbohydrate esters; a reduction in unwanted free 
carbohydrates. 

An advantage of the present invention is that the emulsifier(s) is/are prepared in situ in 

10 the foodstuff without an increase in the free fatty acid content of the foodstuff. The 
production of free fatty acids can be detrimental to foodstuffs. In particular, free fatty 
acids have been linked with off-odours and/or off-flavours in foodstuffs, as well other 
detrimental effects, including a soapy taste in cheese for instance. Preferably, the 
method according to the present invention results in the in situ preparation of an 

15 emulsifier(s) wherein the accumulation of free fatty acids is reduced and/or eliminated. 
Without wishing to be bound by theory, in accordance with the present invention the 
fatty acid which is removed from the lipid is transferred by the lipidisterol 
acyltransferase to a sterol and/or a stanol. Thus, the overall level of free fatty acids in 
the foodstuff does not increase or increases only to an insignificant degree. This is in 

20 sharp contradistinction to the situation when lipase (E.C. 3.1.Lx) are used to produce 
emulsifiers in situ. In particular, the use of lipases can result in an increased amount 
of free fatty acid in the foodstuff which can be detrimental. In accordance with the 
present invention, the accumulation of free fatty acids is reduced and/or eliminated 
when compared with the amount of free fatty acids which would have been 

25 accumulated had a lipase enzyme, in particular a phospholipase A2 enzyme, been used 
in place of the lipid :sterol acyltransferase in accordance with the present invention. 

Preferably, the lipidisterol acyltransferase enzyme according to the present invention 
may be characterised using the following criteria: 
30 (i) the enzyme possesses acyl transferase activity which may be defined as 

ester transfer activity whereby the acyl part of an original ester bond of 
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a lipid acyl donor is transferred to a sterol and/or a stanol acyl acceptor 
to form a new ester, i.e. a sterol ester and/or a stanol ester, and 
(ii) the enzyme comprises the amino acid sequence motif GDSX, wherein 
X is one or more of 4e following amino acid residues L, A, V, I, F, Y, 
5 H,Q,T,N,MorS. 

Preferably, X of the GDSX motif is L. Thus, preferably the enzyme according to the 
present invention comprises the amino acid sequence motif GSDL. 

10 For some aspects, the lipid:sterol acyltransferase enzyme according to die present 
invention may be characterised using the following criteria: 

CO the enzyme possesses acyl transferase activity which may be defined as 
ester transfer activity whereby the acyl part of an original ester bond of 
a first lipid acyl donor may be transferred to a sterol and/or a stanol acyl 
15 acceptor to form a new ester, i.e. a sterol ester and/or a stanol ester, and 

additionally the acyl part of an original ester bond of a second lipid acyl 
donor may be transferred to a carbohydrate acyl acceptor to form a 
further new ester, i.e. a carbohydrate ester; and 
(ii) the enzyme comprises the amino acid sequence motif GDSX, wherein 
20 X is one or more of the following amino acid residues L, A, V, I, F, Y, 

H,Q,T,N,MorS. 


Preferably, the X residue of the GDSX motif is L. 

25 Suitably, the first and second lipid acyl donor may be the same lipid acyl donor. 
Alternatively, the first and second lipid acyl donor may be different lipid acyl donors. 


The GDSX motif is comprised of four conserved amino acids. Preferably, the serine 
within the motif is a catalytic serine of the lipid :sterol acyltransferase enzyme. 
30 Suitably, the serine of the GDSX motif may be in a position corresponding to Ser-16 
in Aeromonas hydrqphila lipolytic enzyme taught in Bnnnlik & Buckley (Journal of 
Bacteriology Apr. 1996, Vol. 178, No. 7, p 2060-2064). 
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To determine if a protein has the GDSX motif according to the present invention, the 
sequence is preferably compared with the hidden markov model profiles (HMM 
profiles) of the pfam database. A hidden markov model profile is based on a manually 
5 verified multiple sequence alignment of a representative set of sequences comprising a 
protein domain family, and is used for alignment purposes. A positive match with the 
hidden markov model profile (HMM profile) of the pfam00657*6 domain family 
indicates the presence of the GDSL or GDSX domain according to the present 
invention. For a detailed explanation of the theory and implementation of hidden 

10 markov models see Durbin et al 1998 Biological Sequence Analysis: Probabilistic 
Models of Proteins and Nucleic Acids, Cambridge UnL Press, ISBN: 0-521-62051-4. 
For pfam alignment and scoring procedures see [A. Bateman et ah Nucleic Acids 
Research, 30(1)^76-280, 2002]. The pfam database can be accessed through the 
internet and is currently available at one of the following web pages: 

15 . http://www.sanger.ac.uk/Sofft^ 
http://pfam. wustl.edu/ 
http://wvw.cgrJri.se/Pfam/ 
http://pfam.jouy.inra.ir/ 

20 The pfam00657.6 GDSX domain is a unique identifier which distinguishes proteins 
possessing this domain from other enzymes. 

The pfem00657.6 consensus sequence is presented in Figure 1 as SEQ ID No. 1 . 

25 Preferably, the lipid sterol acyhransferase enzyme according to the present invention 
may be characterised using the following criteria: 

(i) the enzyme possesses acyl transferase activity which may be defined as 
ester transfer activity whereby the acyl part of an original ester bond of 
a lipid acyl donor is transferred to a sterol and/or a stanol acyl acceptor 
30 to form a new ester, i.e. a sterol ester and/or a stanol ester; 
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(ii) the enzyme comprises the amino acid sequence motif GDSX, wherein 
X is one or more of the following amino acid residues L, A, V, I, F, Y, 
H,Q,T,N,MorS.; 
(in) the enzyme comprises His-309 or comprises a histidine residue at a 
5 position corresponding to His-309 in the Aeromonas hydrophila 

lipolytic enzyme shown in Figure 2 (SEQ ID No. 2). 

Preferably, the amino acid residue of the GDSX motif is L. 

Preferably, the lipid:sterol acyltransferase enzyme according to the present invention 
may be characterised using the following criteria: 

(i) the enzyme possesses acyl transferase activity which may be defined as 
ester transfer activity whereby the acyl part of an original ester bond of 
a first lipid acyl donor is transferred to a stool and/or a stanol acyl 
acceptor to form a new ester, i.e. a sterol ester and/or a stanol ester, and 
the acyl part of an original ester bond of a second lipid acyl donor is 
transferred to a carbohydrate to form a further new ester, i.e. a 
carbohydrate ester; 

(ii) the enzyme comprises the amino acid sequence motif GDSX, wherein 
X is one or more of the following amino acid residues L, A, V, I, F, Y, 
H, Q, T,N,M or S.; and 

(iii) the enzyme comprises His-309 or comprises a histidine residue at a 
position corresponding to His-309 in the Aeromonas hydrophila 
lipolytic enzyme shown in Figure 2 (SEQ ID No. 2). 

Preferably, the amino acid residue X of the GDSX motif is L. 

In SEQ ID No. 2 the first 18 amino acid residues form a signal sequence. His-309 of 
the full length sequence, that is the protein including the signal sequence, equates to 
30 His-291 of the mature part of the protein, i.e. the sequence without the signal 
sequence. 


10 


15 


20 


25 
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Preferably, the lipidrsterol acyltransferase enzyme according to the present invention 
comprises the following catalytic triad: Ser-34, Asp-134 and His-309 or comprises a 
serine residue, an aspartic acid residue and a histidine residue, respectively, at 
positions corresponding to Ser-34, Asp-134 and His-309 in the Aeromonas hydrophila 
5 lipolytic enzyme shown in Figure 2 (SEQ ID No. 2). As stated above, in the sequence 
shown in SEQ ID No. 2 the first 18 amino acid residues form a signal sequence. Ser- 
34, Asp-134 and His-309 of the full length sequence, that is the protein including the 
signal sequence, equate to Ser-16, Asp-116 and His-291 of the mature part of the 
protein, i.e. the sequence without the signal sequence. In the pfam00657.6 consensus 
10 sequence, as given in Figure 1 (SEQ ID No. 1) the active site residues correspond to 
Ser-7, Asp-157 and His-348. 

Preferably, the lipidrsterol acyltransferase enzyme according to the present invention 
may be characterised using the following criteria: 
15 (i) the enzyme possesses acyl transferase activity which may be defined as 

ester transfer activity whereby the acyl part of an original ester bond of 
a first lipid acyl donor is transferred to a sterol and/or a stanol acyl 
acceptor to form a new ester, i.e. a sterol ester and/or a stanol ester, and 
(ii) the enzyme comprises at least Gly-32, Asp-33, Ser-34, Asp-134 and 
20 His-309 or comprises glycine, aspartic acid, serine, aspartic acid and 

histidine residues at positions corresponding to Gly-32, Asp-33, Ser-34, 
Asp-134 and His-309, respectively, in the Aeromonas hydrophila 
lipolytic enzyme shown in Figure 2 (SEQ ID No. 2). 

25 Suitably, the lipidrsterol acyltransferase enzyme according to the present invention 
may be characterised using the following criteria: 

(i) the enzyme possesses acyl transferase activity which may be defined as 
ester transfer activity whereby the acyl part of an original ester bond of 
a first lipid acyl donor is transferred to a sterol and/or a stanol acyl 

30 acceptor to form a new ester, i.e. a sterol ester and/or a stanol ester; and 

(ii) the enzyme comprises Gly-5, Asp-6, Ser-7, Asp-157 and His-348 or 
comprises glycine, aspartic acid, serine, aspartic acid and histidine 
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residues at positions corresponding to Gly-5, Asp-6, Ser-7, Asp- 156 
and His-348, respectively, in the pfam00657.6 consensus sequence 
shown in Figure 1 (SEQ ID No. 1). 

5 Preferably, the lipid:sterol acyltransferase enzyme according to the present invention 
may be characterised using the following criteria: 

(i) the enzyme possesses acyl transferase activity which may be defined as 
ester transfer activity whereby the acyl part of an original ester bond of 
a first lipid acyl donor is transferred to a sterol and/or a stanol acyl 

10 acceptor to form a new ester, i.e. a sterol ester and/or a stanol ester, and 

the acyl part of an original ester bond of a second lipid acyl donor is 
transferred to a carbohydrate to form a further new ester, Le. a 
carbohydrate ester; and 

(ii) the enzyme comprises at least Gly-32, Asp-33, Ser-34, Asp-134 and 
15 His-309 or comprises glycine, aspartic acid, serine, aspartic acid and 

histidine residues at positions corresponding to Gly-32, Asp-33, Ser-34, 
Asp-134 and His-309, respectively, in the Aeromonas hydrophila 
lipolytic enzyme shown in Figure 2 (SEQ ID No. 2). 

20 Suitably, the lipidrsterol acyltransferase enzyme according to the present invention 
may be characterised using the following criteria: 

(i) the enzyme possesses acyl transferase activity which may be defined as 
ester transfer activity whereby the acyl part of an original ester bond of 
a first lipid acyl donor is transferred to a sterol and/or a stanol acyl 

25 acceptor to form a new ester, Le. a sterol ester and/or a stanol ester, and 

the acyl part of an original ester bond of a second lipid acyl donor is 
transferred to a carbohydrate to form a further new ester, i.e. a 
carbohydrate ester; and 

(ii) the enzyme comprises Gly-5, Asp-6, Ser-7, Asp-157 and His-348 or 
30 comprises glycine, aspartic acid, serine, aspartic acid and histidine 

residues at positions corresponding to Gly-5, Asp-6, Ser-7, Asp-156 
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and His-348, respectively, in the pfam00657.6 consensus sequence 
shown in Figure 1 (SEQ ID No. 1). 

Suitably, the lipid:sterol acyltransferase enzyme according to the present invention 
5 may be obtainable, preferably obtained, from organisms from one or more of the 
following genera: Aeromonos, Streptomyces, Sacckaromyces, Lactococcus, 
Mycobacterium, Streptococcus, Lactobacillus, Desulfitobacterium, Bacillus, 
Campylobacter, Vibrionaceae, Xylella, Sutfolobus, Aspergillus, Schizosaccharomyces, 
Listeria, Neisseria, Mesorhizobium, Ralstoma, Xanthomonas and Candida. 

10 

Suitably, the lipidrsterol acyltransferase enzyme according to the present invention 
may be obtainable, preferably obtained, from one or more of the following organisms: 
Aeromonos hydrophila, Aeromonos salmonicida, Streptomyces coelicolor, 
Mycobacterium, Streptococcus pyogenes, Lactococcus lactis, Streptococcus pyogenes, 

15 Streptococcus (hemophilus, Lactobacillus hetveticus, Desulfitobacterium 
dehalogenans, Bacillus sp, Campylobacter jejuni, Vibrionaceae, Xylella fastidiosa, 
Sulfolobus solfataricus, Saccharomyces cerevisiae, Aspergillus terreus, 
Schizosaccharomyces pombe, Listeria innocua, Listeria monocytogenes, Neisseria 
meningitidis, Mesorhizobium loti, Ralstoma solanacearum, Xanthomonas campestris, 

20 Xanthomonas axonopodis and Candida parapsilosis. 

Suitably, the lipid:sterol acyltransferase enzyme according to the present invention 
comprises one or more of the following amino acid sequences: 
(i) the amino acid sequence shown as SEQ ID No. 2 (see Figure 2) 
25 (ii) the amino acid sequence shown as SEQ ID No. 3 (see Figure 3) 

(iii) the amino acid sequence shown as SEQ ID No. 4 (see Figure 4) 

(iv) the amino acid sequence shown as SEQ ID No. 5 (see Figure 5) 

(v) the amino acid sequence shown as SEQ ID No. 6 (see Figure 6) 

(vi) the amino acid sequence shown as SEQ ID No. 12 (see Figure 14) 

30 (vii) an amino acid sequence which has 75% or more identity with any one of the 
sequences shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 
S, SEQ ID No. 6 or SEQ ID No. 12. 
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Suitably, the lipidrsterol acyltransferase enzyme according to the present invention 
comprises either the amino acid sequence shown as SEQ ID No. 2 or as SEQ ID No. 3 
or comprises an amino acid sequence which has 75% or more identity with either the 
5 amino acid sequence shown as SEQ ID No. 2 or the amino acid sequence shown as 
SEQ ID No. 3. 

For the purposes of the present invention, the degree of identity is based on the number 
of sequence elements which are the same. The degree of identity in accordance with 

10 the present invention may be suitably determined by means of computer programs 
known in the ait, such as GAP provided in the GCG program package (Program 
Manual for the Wisconsin Package, Version 8, August 1994, Genetics Computer 
Group, 575 Science Drive, Madison, Wisconsin, US53711) (Needleman & Wunsch 
(1970), J. of Molecular Biology 48, 443-45) using the following settings for 

15 . polypeptide sequence comparison: GAP creation penalty of 3.0 and GAP extension 
penalty of 0.1. 

Suitably the lipid: sterol acyltransferase enzyme according to the present invention 
comprises an amino acid sequence which has 80% or more, preferably 85% or more, 
20 more preferably 90% or more and even more preferably 95% or more identity with any 
one of the sequences shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID 
No. 5, SEQ ID No. 6 or SEQ ID No. 12. 

Suitably, the lipidisterol acyltransferase enzyme according to the present invention 
25 comprises one or more of the following amino acid sequences: 

(a) an amino acid sequence shown as amino acid residues 1-100 of SEQ ID No. 2; 

(b) an amino acid sequence shown as amino acids residues 101-200 of SEQ ID No. 2; 

(c) an amino acid sequence shown as amino acid residues 201-300 of SEQ ID No. 2; 
or 

30 (d) an amino acid sequence which has 75% or more, preferably 85% or more, more 
preferably 90% or more, even more preferably 95% or more identity to any one of 
the amino add sequences defined in (a)-( c ) above. 
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Suitably, the lipid:sterol acyltransferase enzyme according to the present invention 
comprises one or more of the following amino acid sequences: 
(a) an amino acid sequence shown as amino acid residues 28-39 of SEQ ID No. 2; 
5 (b) an amino acid sequence shown as amino acids residues 77-88 of SEQ ID No. 2; 

(c) an amino acid sequence shown as amino add residues 126-136 of SEQ ID No. 2; 

(d) an amino acid sequence shown as amino acid residues 163-175 of SEQ ID No. 2; 

(e) an amino acid sequence shown as amino acid residues 304-31 1 of SEQ ID No. 2; 
or 

10 (f) an amino acid sequence which has 75% or more, preferably 85% or more, more 
preferably 90% or more, even more preferably 95% or more identity to any one of 
. the amino acid sequences defined in (a)-(e) above. 

Suitably, the lipid:sterol acyltransferase enzyme according to the present invention 
15 may comprise an amino acid sequence produced by the expression or one or more of 
the following nucleotide sequences: 

(a) the nucleotide sequence shown as SEQ ID No. 7 (see Figure 9); 

(b) the nucleotide sequence shown as SEQ ID No. 8 (see Figure 10); 

(c) the nucleotide sequence shown as SEQ ID No. 9 (see Figure 1 1); 
20 (d) the nucleotide sequence shown as SEQ ID No. 1 0 (see Figure 12); 

(e) the nucleotide sequence shown as SEQ ID No. 1 1 (see Figure 13); 

(f) the nucleotide sequence shown as SEQ ID No. 13 (see Figure 1 5); or 

a nucleotide sequence which has 75% or more identity with any one of the sequences 
shown as SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 1 0, SEQ ID No. 
25 11 or SEQ ID No. 13. 

Suitably the nucleotide sequence may have 80% or more, preferably 85% or more, 
more preferably 90% or more and even more preferably 95% or more identity with any 
one of the sequences shown as SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID 
30 No. 10, SEQ ID No. 11 or SEQ ID No. 13. 
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In one aspect, the lipid:sterol acyitransferase according to the present invention may be 
a lecithinxholesterol acyltransferases (LCAT). 

Suitable LCATs are known in the art and may be obtainable from one or more of the 
5 following organisms for example: mammals, rat, mice, chickens, Drosophila 
melanogaster, plants, including Arabidopsis and Oryza sativa, nematodes, fungi and 
yeast 

The term *Vitbout increasing cm- without substantially increasing the free fatty acids" 
10 as used herein means that preferably the lipidzsterol acyl transferase according to the 
present invention has 100% transferase activity (i-e. transfers 100% of the acyl groups 
from an acyl donor onto the sterol/stanol and/or carbohydrate acyl acceptor, with no 
hydrolytic activity); however, the enzyme may transfer less than 100% of the acyl 
groups present in the lipid acyl donor to the sterol/stanol and/or carbohydrate, hi which 
15 case, preferably the acytransferase activity accounts for at least 5%, more preferably at 
least 10%, more preferably at least 20%, more preferably at least 30%, more 
preferably at least 40%, more preferably 50%, more preferably at least 60%, more 
preferably at least 70%, more preferably at least 80%, more preferably at least 90% 
and more preferably at least 98% of the total enzyme activity. The % transferase 
20 activity (i.e. the transferase activity as a percentage of the total enzymatic activity) 
may be determined by the following protocol: 

Protocol for the determination of% acyitransferase activity: 

25 A foodstuff to which a lipidisterol acyitransferase according to the present invention 
has been added may be extracted following the enzymatic reaction with 
CHCI3KHH3OH 2:1 and the organic phase containing the lipid material is isolated and 
analysed by GLC and HPLC according to the procedure detailed herewbelow. From 
the GLC and HPLC analyses the amount office fatty acids, sterol/stanol esters and 

30 sugar esters are determined. A control foodstuff to which no enzyme according to the 
present invention has been added, is analysed in the same way. 
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Calculation: 

From the results of the GLC and HPLC analyses the increase in free fatty acids, 
sterol/stanol esters and sugar esters can be calculated: 
A % fatty acid = % Fatty acid(enzyme) - % fatty acid(control) 
5 A % sterol/stanol ester (hereinafter referred to as A % sterol/stanol ester) = % 
sterol/stanol ester(enzyme) - % sterol/stanol ester(conlrol) 
A % sugar ester = % sugar ester(enzyme) - % sugar ester (control) 

The transferase activity is calculated as a percentage of the total enzymatic activity: 

10 

% transferase activity= 

sterol ester/fMv sterol ester! + A % sugar ester/fMv sugar esterYl x 1 00 t 

A % sterol ester/(Mv sterol ester) + A % sugar ester/(Mv sugar ester) +A % fatty acid/(Mv fetty acid) 

15 

where: 

M v sterol ester 
Mv sugar ester 
Mv fatty acid 

20 

If the free fetty acids are increased in the foodstuff they are preferably not increased to 
a significant degree. By this we mean, that the increase in free fetty acid does not 
adversely affect the quality of the foodstuff. 

25 In some aspects of the present invention the amount of free fatty acid in the foodstuff 
may even be reduced (as compared with the amount of free fetty acid that would be 
produced if a phospholipase A2 enzyme had been used. 

The term "in situ" as used herein means that the emulsifier(s) and/or the sterol/stanol 
30 esters and/or the carbohydrate esters are produced within the foodstuff or fraction of 
the foodstuff. This contrasts the situation where the emulsifier(s) and/or the 
sterol/stanol esters and/or the carbohydrate esters are produced separately of the 


= average molecular weight of the sterol and/or stanol esters 

- average molecular weight of the sugar esters 

- average molecular weight of the fatty acids 
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foodstuff and are added as formed products to the foodstuff during preparation of the 
same. In other words, the term u in sittf 9 as used herein means that by the addition of 
the Kpidrsterol acyltransferase enzyme according to the present invention to a 
foodstuff, or to the food ingredients/materials constituting the foodstuff, an emulsifier 
5 and/or a sterol ester and/or a stanol ester and/or a carbohydrate ester may be produced 
from components of the foodstuff. Suitably, the components of the foodstuff may be 
the substrate(s) for the enzyme. If necessary, the components of the foodstuff may be 
supplemented by addition of one or more further components which further 
components may be the same as those present in the foodstuff or may be additional to 

10 those components already present in the foodstuff. For the avoidance of doubt, the 
method according to the present invention is a method for the production of an 
emulsifier and/or a sterol ester and/or a stanol ester and/or a carbohydrate ester in situ 
in a foodstuff and is not a method for preparing an emulsifier and/or a sterol ester 
and/or a stanol ester and/or a carbohydrate ester (for example is an isolated and/or 

1 5 purified form) for subsequent addition to a foodstuff 

Preferably, the lipid.sterol acyltransferase according to the present invention is capable 
of transferring an acyl group from a lipid to a sterol and/or stanol when present in a 
polar environment, preferably in an aqueous environment, preferably a water 

20 containing foodstuff. Suitably, however the aqueous environment may be an aqueous 
buffer. The term "aqueous environment" as used herein preferably means an 
environment which is absent an organic solvent, preferably absent a polar organic 
solvent In particular, the term "aqueous environment" may refer to an environment to 
which no exogenous organic solvents, preferably no polar organic solvents, have been 

25 added. The term organic solvent as used herein does not encompass food oils that are 
high in non-polar lipids. Suitably, the aqueous environment according to the present 
invention may comprise less than 30% by volume organic solvents, more preferably 
less than 15% by volume organic solvents, more preferably less than 5%. Suitably the 
foodstuff may comprise between 1 and 5% organic solvent, for example ethanol. 

30 However, when the foodstuff comprises such an organic solvent, preferably it is 
produced endogenously within the foodstuff. That is to say, when the foodstuff 
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comprises such an organic solvent, preferably the organic solvent is not an exogenous 
organic solvent 

The term "foodstuff as used herein means a substance which is suitable for human 
S and/or animal consumption. 

Suitably, the term "foodstuff* as used herein may mean a foodstuff in a fonn which is 
ready for consumption. Alternatively or in addition, however, the term foodstuff as 
used herein may mean one or more food materials which are used in the preparation of 
10 a foodstuff. By way of example only, the term foodstuff encompasses both baked 
goods produced from dough as well as the dough used in the preparation of said baked 
goods. 

In a preferred aspect the present invention provides a foodstuff as defined above 
15 wherein the foodstuff is selected from one or more of the following: eggs, egg-based 
products, including but not limited to mayonnaise, salad dressings, sauces, ice creams, 
egg powder, modified egg yolk and products made therefrom; baked goods, including 
breads, cakes, sweet dough products, laminated doughs, liquid batters, muffins, 
doughnuts, biscuits, crackers and cookies; confectionery, including chocolate, candies, 
20 caramels, halawa, gums, including sugar free and sugar sweetened gums, bubble gum, 
soft bubble gum, chewing gum and puddings; frozen products including sorbets, 
preferably frozen dairy products, including ice cream and ice milk; dairy products, 
including cheese, butter, milk, coffee cream, whipped cream, custard cream, milk 
drinks and yoghurts; mousses, whipped vegetable creams, meat products, including 
25 processed meat products; edible oils and fats, aerated and non-aerated whipped 
products, oil-in-water emulsions, water-in-oil emulsions, margarine, shortening and 
spreads including low fat and very low fet spreads; dressings, mayonnaise, dips, cream 
based sauces, cream based soups, beverages, spice emulsions, sauces and mayonnaise. 

30 Suitably the foodstuff in accordance with the present invention may be a "fine foods", 
including cakes, pastry, confectionery, chocolates, fudge and the like. 
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In one aspect the foodstuff in accordance with the present invention may be a dough 
product or a baked product, such as a bread, a fried product, a snack, cakes, pies, 
brownies, cookies, noodles, snack items such as crackers, graham crackers, pretzels, 
and potato chips, and pasta. 

5 

In a further aspect, the foodstuff in accordance with the present invention may be a 
plant derived food product such as flours, pre-mixes, oils, fats, cocoa butter, coffee 
whitener, salad dressings, margarine, spreads, peanut butter, shortenings, ice cream, 
cooking oils. 

10 

In another aspect, the foodstuff in accordance with the present invention may be a 
dairy product, including butter, milk, cream, cheese such as natural, processed, and 
imitation cheeses in a variety of forms (including shredded, block, slices or grated), 
cream cheese, ice cream, frozen desserts, yoghurt, yoghurt drinks, butter fat, 
IS anhydrous milk fiat, other dairy products. The enzyme according to the present 
invention may improve fat stability in dairy products. 

It is particularly advantageous to utilise the present invention in cheese as the 
production of free fatty acids in cheese is associated with a "soapy** taste. Thus, the 
20 use of a lipid:sterol acyl transferase in accordance with the present invention 
advantageously produces cheese without a "soapy" taste. 

In another aspect, the foodstuff in accordance with the present invention may be a food 
product containing animal derived ingredients, such as processed meat products, 
25 cooking oils, shortenings. 

In a further aspect, the foodstuff in accordance with the present invention may be a 
beverage, a fiirit, mixed fruit, a vegetable or wine. In some cases the beverage may 
contain up to 20 gfl of added phytosterols. 

30 

In another aspect, the foodstuff in accordance with the present invention may be an 
animal feed. The animal feed may be enriched with phytosterol and/or phytostanols, 
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preferably with beta-sitisterol/stanol. Suitably, the animal feed may be a poultry feed. 
When the foodstuff is poultry feed, the present invention may be used to lower the 
cholesterol content of eggs produced by poultry fed on the foodstuff according to the 
present invention. 

5 

In one aspect preferably the foodstuff is selected from one or more of the following: 
eggs, egg-based products, including mayonnaise, salad dressings, sauces, ice cream, 
egg powder, modified egg yolk and products made therefrom. 

10 Preferably the foodstuff according to the present invention is a water containing 
foodstuff. Suitably the foodstuff may be comprised of 10-98% water, suitably 14- 
98%, suitably of 18-98% water, suitably of 20-98%, suitably of 40-98%, suitably of 
50-98%, suitably of 70-98%, suitably of 75-98%. 

15 For some aspects, preferably the foodstuff in accordance with the present invention is 
not a pure plant derived oil, such as olive oil, sunflower oil, peanut oil, rapeseed oil for 
instance. For the avoidance of doubt, in some aspects of the present invention the 
foodstuff according to the present invention may comprise an oil, but preferably the 
foodstuff is not primarily composed of oil* or mixtures of oil. For some aspects, 

20 preferably the foodstuff comprises less than 95% lipids, preferably less than 90% 
lipids, preferably less than 85%, preferably less than 80% lipids. Thus, for some, 
aspects of the present invention oil may be a component of the foodstuff but 
preferably the foodstuff is not a oil per $e. 

25 The claims of the present invention are to be construed to include each of the 
foodstuffs listed above. 

When it is the case that a carbohydrate ester is produced in accordance with the present 
invention, the carbohydrate ester is preferably an oligosaccharide ester, a 
30 monosaccharide ester or a disaccharide ester. 
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Suitably, the carbohydrate ester when produced in accordance with the present 
invention may be one or more of the following: glucose ester, fructose ester, 
anhydrofiructose ester, maltose ester, lactose ester, galactose ester, xylose ester, 
xylooligosaccharide ester arabinose ester, mahooligosaccharide ester, tagatose ester or 
5 sucrose ester. 

Preferably, the carbohydrate ester when produced in accordance with the present 
invention is one or more of the following: a carbohydrate mono-ester, a sugar mono- 
ester, an oligosaccharide mono-ester, a trisaccharide mono-ester, a disaccharide mono- 
10 ester, a monosaccharide mono-ester, a glucose mono-ester, a fructose mono-ester, 
anhydrofructose mono-ester, maltose mono-ester, lactose mono-ester, galactose mono- 
-ester, xylose mono-ester, xylooligosacchride mono-ester, arabinose mono-ester, 
maltooligosaccharide mono-ester, tagatose mono-ester or sucrose mono-ester. 

15 Preferably, the formation of the carbohydrate ester (if any) in accordance with the 
present invention is independent of UDP-glucose. 

Preferably, the foodstuff according to the present invention does not comprise UDP- 
glucose, or only comprises UDP-glucose in insignificant amounts. 

20 

Suitably, the emulsifier in accordance with the present invention may be for example 
one or more of the following: a triglyceride, a monoglyceride, such as 1- 
monoglyceride or a lysophosphatidylcholine. The emulsifier is preferably produced 
from the lipid acyl donor following removal of one or more acyl groups from said lipid 
25 acyl donor. The term lysophosphatidylcholine as used herein is synonymous with the 
term lysolecithin and these terms may be used herein interchangeably. 

The lipase and acyltransferase activity of an enzyme may be evaluated using the 
following assays. In this way, a lipidrsterol acyltransferase having the enzyme 
30 characteristics defined herein may be obtained/identified. 
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Lipase assay based on tributyrin as substrate (LIPU): Lipase activity based on 
tributyrin may be measured according to Food Chemical Codex, Forth Edition, 
National Academy Press, 1996, p 803, with the modification that the sample is 
dissolved in deionized water instead of glycine buffer, and the pH stat set point is 5.5 
5 instead of 7. 1 LIPU is defined as the quantity of enzyme which can liberate 1 ]imo\ 
butyric acid per minute under assay conditions. 

Lipidrsterol acyltransferase assay for the determination of a lipid:sterol acyltransferase 
unit, LATU(St): Lipid acyl transferase activity is defined as the amount of [imol sterol 

10 ester formed per minute from lecithin as donor and cholesterol as acceptor molecule 
under assay conditions using die following procedure: Substrate: 0.6% Avanti 
phospholipid (95% PC) and 0.4 % cholesterol are dispersed in 0.05M HEPES buffer 
pH 7 and 5 mM CaCh and heated to 40°C. The mixture is homogenized on a Turrax 
mixer for 10 seconds. 1 ml substrate is thennostated to 30 °C for 5 minutes. 100^1 of 

15 enzyme solution is added. After 10 minutes the reaction is stopped by adding 0.1 ml 
1M HCL The lipid components are extracted into an organic phase by adding 1 ml 
CHCl3:CH 3 OH 2:1. 500 |xi of the organic phase is transferred to a 10 ml flask and 
evaporated at 60°C in a stream of nitrogen. The amount of cholesterol ester formed is 
determined by GLC analyses, using cholesterol oleate (>95%) as standard. 

20 

Preferably the method and/or use according to the present invention may be carried out 
in foodstuff at a temperature of 1 5-60°C, preferably at a temperature of 20-60°C. For 
some aspects, for example in dough, preferably the temperature of the food during 
which the acyltransferase reaction takes place is between 20 and 40°C. For other 
25 aspects, for example with regard to dairy products, such as cheese, the temperature of 
the food may suitably be between 30°C and 60°C. In yet other aspects, for example 
with regard to mayonnaise, the temperature of die food may suitably be between 20 
and 40°C, more preferably between 25 and 30°C. 

30 Preferably, the emulsifier produced according to the present invention comprises less 
than 5 wt % of the foodstuff. 
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Preferably, the emulsifier produced according to the present invention comprises from 
0.01 to 4 wt % of the foodstuff. 

5 Preferably, the emulsifier produced according to the present invention comprises from 
0.01 to 2 wt % of the foodstuff. 

Preferably, the emulsifier produced according to the present invention comprises from 
0.01 to 1 wt % of the foodstuff! 

10. 

Preferably, the emulsifier produced according to the present invention comprises from 
0.01 to 0.5 wt % of the foodstuff. 

Preferably, the emulsifier produced according to the present invention comprises from 
15 0.01 to 0.3 wt % of the foodstuff 

Suitably, the method according to the present invention includes inactivating or 
denaturing the enzyme to provide a foodstuff comprising the enzyme in an inactive or 
denatured form. Suitably the enzyme may be denatured by either baking or by 
20 pasteurisation. 

Preferably the enzyme according to the present invention is present in an inactive form 
or in a denatured form in the foodstuff. 

25 The enzyme according to the present invention is preferably not immobilised, in 
particular is not immobilised on a solid support 

The enzyme according to the present invention may be used with one or more other 
suitable food grade enzymes. Thus, it is within the scope of the present invention that, 
30 in addition to the enzyme of the invention, at least one further enzyme is added to the 
foodstuff. Such further enzymes include starch degrading enzymes such as endo- or 
exoamylases, pullulanases, dehranching enzymes, hemicellnlases including xylanases, 
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cellulases, oxidoreductases, e.g. glucose oxidase, lipases, phospbolipases and hexose 
oxidase, and proteases. 

The foodstuff according to the present invention may suitable comprise one or more of 
5 the following additives: 

soy protein material; carotenoids, flavenoids, antioxidant and phytochemical 
(especially anthocyanonide, carotenoid, bioflavinoid, glutathione, catechin, isoflavone, 
lycopene, ginsenoside,. pycnogenol, alkaloid, pygeum phytosterol, sulphoraphone, 
resveretol, grape seed extract or food containing stanol esters), vitamin (especially 

10 vitamin C, vitamin A, vitamin B3, vitamin D, vitamin E, thiamine, riboflavin, niacin, 
pyridoxine, cyanocobalamin, folic acid, biotin, pantothenic acid or vitamin K), 
minerals (especially calcium, iodine, magnesium, zinc, iron, selenium, manganese, 
chromium, copper, cobalt, molybdenum or phosphorus), fatty acid (especially gamma- 
linoleic acid, ucospentaenoic acid or decosahexaenoic acid), oil (especially borage oil, 

15 high carotenoid canola oil or flax seed oil), amino acid (especially tryptophan, lysine, 
methionine, phenylalanine, threonine, valine, leucine, isoleucine, alanine, arginine, 
aspartic acid, cystine, cysteine, glutamic acid, glutamine, glycine, histidine, proline, 
hydroxyproline, serine, taurine or tyrosine), enzyme (especially bromelain, papain, 
amylase, cellulase or coenzyme Q), lignin, stanol ester or fiiendly bacteria (especially 

20 Lactobacillus acidophilus, Lactobacillus bulgaricus, Lactobacillus bifidus, 
Lactobacillus plantarum or Streptococcus faecium), folic acid, and soluble fibre. 

TECHNICAL EFFECT 

25 Surprisingly lipidrsterol acyhransferases have significant acyltransferase activity in 
foodstuffs. This activity has surprising beneficial applications in methods of 
preparing foodstuffs. 

The present invention may provide one or more of the following unexpected technical 
30 effects in egg products, particularly mayonnaise: an improved heat stability during 
pasteurisation,* improved organoleptic properties. 


NZAS-02 12289 


31 

The present invention may provide one or more of the following unexpected technical 
effects in dough and/or baked products: an improved specific volume of either the 
dough or the baked products (for example of bread and/or of cake); an improved 
dough stability;, an improved crust score (for example a thinner and/or crispier bread 
5 crust), an improved crumb score (for example a more homogenous crumb distribution 
and/or a finer crumb structure and/or a softer crumb); an improved appearance (for 
example a smooth surface without blisters or holes or substantially without blisters or 
holes); a reduced staling; an enhanced softness; an improved odour; an improved taste. 

10 Suitably, the present invention may provide one or more of the following unexpected 
technical effects in a foodstuff: an improved appearance, an improved mouthfeel, an 
improved stability, an improved taste, an improved softness, an improved resilience,, 
an improved emulsification. 

15 Suitably, the present invention may provide one or more of the following unexpected 
technical effects in dairy products, such as ice cream for example: an improved 
mouthfeel (preferably a more creamy mouthfeel); an improved taste; an improved 
meltdown. 

20 Suitably, the present invention may provide one or more of the following unexpected 
technical effects in egg or in egg products: improved stability of emulsion; thermal 
stability of emulsion; improved flavour, reduced mal-odour, improved thickening 
properties. 

25 Suitably, the present invention may provide one or more of the following unexpected 
technical effects in cheese: a decrease in the oiling-off effect in cheese; an increase in 
cheese yield; an improvement in flavour; a reduced mal-odour, a reduced "soapy** 
taste. 

30 The improvements observed with lipidisterol acyltransferase according to the present 
invention are in comparison to when lipolytic enzymes without acyltransferase 
activity, such as triacylglycerol lipases and phospholipases, are used. 
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ADVANTAGES 

The generation of an emulsifier and a sterol/stanol ester in situ from at least one 
5 constituent of the food material, means that the food material will contain at least one 
less additive material. This is advantageous because of the improvement in the ease of 
production. For example, no further processing or addition of ingredients or addition 
of emulsifiers may be required Moreover, the foodstuff may contain less "additives" 
The reduction or elimination of "additives" is desirable to consumers and inclusion of 
10 additives often must be declared to the consumer in the ingredients listing on the 
foodstuff. Thus, the present invention is further advantageous. 

An advantage of the present invention is the production in situ of an emulsifier in a 
foodstuff without a detrimental increase in the free fatty acid content of the foodstuff. 

15 

For some aspects, an advantage of the present invention is the reduction in free 
cholesterol levels in the foodstuff 

For other aspect, an advantage of the present invention is the increase in stanol and/or 
20 sterol esters in the foodstuff Some sterol/stanol esters may be effective flavourants 
and/or texturisers. Thus, the present invention may not only results in the in situ 
production of an emulsifier in a foodstuff, but also the in situ production of a 
flavourant and/or a textariser. Some sterol/stanol esters are known to reduce blood 
serum cholesterol and/or low density lipoproteins when consumed in a foodstuff. Thus, 
25 the present invention may be used to prepare a foodstuff with increased levels of sterol 
esters and/or stanol esters. 

For some aspects, particularly when the enzyme according to the present invention is 
used in egg based products, an advantage is the removal of unwanted free 
30 carbohydrates. 
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Also advantageously the emulsification properties of the foodstuff are enhanced, 
leading to improved appearance and/or handling properties and/or structure without a 
negative impact on taste. 

In addition, advantageously the effect of "overdosing" observed when using lipases 
per se 9 is effectively overcome by the addition of an enzyme in accordance with the 
present invention. This is due at least in part to the fact that free fatty acids are not 
produced or only produced to an insignificant degree when using the enzyme 
according to the present invention, 

ISOLATED 


In one aspect, preferably the polypeptide or protein for use in the present invention is 
in an isolated form. The term "isolated" means that the sequence is at least 
15 substantially free from at least one other component with which the sequence is 
naturally associated in nature and as found in nature. 

PURIFIED 

20 In one aspect, preferably the polypeptide or protein for use in the present invention is 
in a purified form. The term "purified" means that the sequence is in a relatively pure 
state - e.g. at least about 31% pure, or at least about 75%, or at least about 80%, or at 
least about 90% pure, or at least about 95% pure or at least about 98% pure. 


25 CLONING A NUCLEOTIDE SEQUENCE ENCODING A POLYPEPTIDE 
ACCORDING TO THE PRESENT INVENTION 


A nucleotide sequence encoding either a polypeptide which has the specific properties 
as defined herein or a polypeptide which is suitable for modification may be isolated 
30 from any cell or organism producing said polypeptide. Various methods are well 
known within the art for the isolation of nucleotide sequences. 


NZAS-02 12292 



34 

For example, a genomic DNA and/or cDNA library may be constructed using 
chromosomal DNA or messenger RNA from the organism producing the polypeptide. 
If the amino acid sequence of the polypeptide is known, labelled oligonucleotide 
5 probes may be synthesised and used to identify polypeptide-encoding clones from the 
genomic library prepared from the organism. Alternatively, a labelled oligonucleotide 
probe containing sequences homologous to another known polypeptide gene could be 
used to identify polypeptide-encoding clones. In the latter case, hybridisation and 
washing conditions of lower stringency are used. 

10 

Alternatively, polypeptide-encoding clones could be identified by inserting fragments 
of genomic DNA into an expression vector, such as a plasmid, transforming enzyme- 
negative bacteria with the resulting genomic DNA library, and then plating the 
transformed bacteria onto agar containing an enzyme inhibited by the polypeptide, 
1 5 thereby allowing clones expressing the polypeptide to be identified 

In a yet further alternative, the nucleotide sequence encoding the polypeptide may be 
prepared synthetically by established standard methods, e.g. the phosphoroamidite 
method described by Beucage SJL. et al (1981) Tetrahedron Letters 22, p 1859-1869, 
20 or the method described by Matthes et al (1984) EMBO J. 3, p 801-805. In the 
phosphoroamidite method, oligonucleotides are synthesised, e.g. in an automatic DNA 
synthesiser, purified, annealed, ligated and cloned in appropriate vectors. 

The nucleotide sequence may be of mixed genomic and synthetic origin, mixed 
25 synthetic and cDNA origin, or mixed genomic and cDNA origin, prepared by ligaling 
fragments of synthetic, genomic or cDNA origin (as appropriate) in accordance with 
standard techniques. Each ligated fragment corresponds to various parts of the entire 
nucleotide sequence. The DNA sequence may also be prepared by polymerase chain 
reaction (PCR) using specific primers, for instance as described in US 4,683,202 or in 
30 Saiki R K et al (Science (1988) 239, pp 487-491). 
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NUCLEOTIDE SEQUENCES 

The present invention also encompasses nucleotide sequences encoding polypeptides 
having the specific properties as defined herein. The term "nucleotide sequence" as used 
5 herein refers to an oligonucleotide sequence or polynucleotide sequence, and variant, 
homologues, fragments and derivatives thereof (such as portions thereof). Hie nucleotide 
sequence may be of genomic or synthetic or recombinant origin, which may be double- 
stranded or single-stranded whether representing the sense or antisense strand. 

10 The term "nucleotide sequence" in relation to the present invention includes genomic 
DNA, cDNA, synthetic DNA, and RNA. Preferably it means DNA, more preferably 
cDNA for the coding sequence. 

In a preferred embodiment, the nucleotide sequence per se encoding a polypeptide having 
15 the specific properties as defined herein does not cover the native nucleotide sequence in 
its natural environment when it is linked to its naturally associated sequences) that is/are 
also in its/their natural environment For ease of reference, we shall call this preferred 
embodiment the "non-native nucleotide sequence". In this regard, the term "native 
nucleotide sequence" means an entire nucleotide sequence that is in its native 
20 environment and when operatively linked to an entire promoter with which it is naturally 
associated, which promoter is also in its native environment Thus, the polypeptide of the 
present invention can be expressed by a nucleotide sequence in its native organism but 
wherein the nucleotide sequence is not under the control of the promoter with which it is 
naturally associated within that organism. 

25 

Preferably die polypeptide is not a native polypeptide. In this regard, the term "native 
polypeptide" means an entire polypeptide that is in its native environment and when it has 
been expressed by its native nucleotide sequence. 

30 Typically, the nucleotide sequence encoding polypeptides having the specific 
properties as defined herein is prepared using recombinant DNA techniques (Le. 
recombinant DNA). However, in an alternative embodiment of the invention, the 
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nucleotide sequence could be synthesised, in whole or in part, using chemical methods 
well known in the art (see Caruthers MH et al (1980) Nuc Acids Res Symp Ser 215-23 
and Horn T etal (1980) Nuc Acids Res Symp Ser 225-232). 

5 MOLECULAR EVOLUTION 

Once an enzyme-encoding nucleotide sequence has been isolated, or a putative 
enzyme-encoding nucleotide sequence has been identified, it may be desirable to 
modify the selected nucleotide sequence, for example it may be desirable to mutate (he 
10 sequence in order to prepare an enzyme in accordance with the present invention. 

Mutations may be introduced using synthetic oligonucleotides. These oligonucleotides 
contain nucleotide sequences flanking the desired mutation sites. 

15 A suitable method is disclosed in Morinaga et al (Biotechnology (1984) 2, p646-649). 
Another method of introducing mutations into enzyme-encoding nucleotide sequences 
is described in Nelson and Long (Analytical Biochemistry (1989), 180, p 147-151). 

Instead of site directed mutagenesis, such as described above, one can introduce 
20 mutations randomly for instance using a commercial kit such as the GeneMorph PCR 
mutagenesis kit from Stratagene, or the Diversify PCR random mutagenesis kit from 
Clontech. 

A third method to Obtain novel sequences is to fragment non-identical nucleotide 
25 sequences, either by using any number of restriction enzymes or an enzyme such as 
Dnase I, and reassembling full nucleotide sequences coding for functional proteins. 
Alternatively one can use one or multiple non-identical nucleotide sequences and 
introduce mutations during the reassembly of the full nucleotide sequence. 

30 Thus, it is possible to produce numerous site directed or random mutations into a 
nucleotide sequence, either in vivo or in vitro, and to subsequently screen for improved 
functionality of the encoded polypeptide by various means. 
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As a non-limiting example, In addition, mutations or natural variants of a 
polynucleotide sequence can be recombined with either the wildtype or other 
mutations or natural variants to produce new variants. Such new variants can also be 
5 screened for improved functionality of the encoded polypeptide. 

The application of the above-mentioned and similar molecular evolution methods 
allows the identification and selection of variants of the enzymes of the present 
invention which have preferred characteristics without any prior knowledge of protein 

10 structure or function, and allows the production of non-predictable but beneficial 
mutations or variants. There are numerous examples of the application of molecular 
evolution in the art for the optimisation or alteration of enzyme activity, such examples 
include, but are not limited to one or more of the following: optimised expression 
and/or activity in a host cell or in vitro, increased enzymatic activity, altered substrate 

15 and/or product specificity, increased or decreased enzymatic or structural stability, 
altered enzymatic activity/specificity in preferred environmental conditions, e.g. 
temperature, pH, substrate 

AMINO ACID SEQUENCES 

20 

The present invention also encompasses amino acid sequences of polypeptides having 
the specific properties as defined herein. 

As used herein, the term "amino acid sequence" is synonymous with the term 
25 "polypeptide" and/or the term "protein" In some instances, the term "amino acid 
sequence" is synonymous with the term "peptide". 

The amino acid sequence may be prepared/isolated from a suitable source, or it may be 
made synthetically or it may be prepared by use of recombinant DNA techniques. 

30 

Suitably, the amino acid sequences may be obtained from the isolated polypeptides 
taught herein by standard techniques. 
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One suitable method for determining amino acid sequences from isolated polypeptides 
is as follows: 

5 Purified polypeptide may be freeze-dried and 100 |ig of the freeze-dried material may 
be dissolved in 50 \A of a mixture of 8 M urea and 0.4 M ammonium hydrogen 
carbonate, pH 8.4. The dissolved protein may be denatured and reduced for 15 minutes 
at 50°C following overlay with nitrogen and addition of 5 \ii of 45 mM dhhiothreitoL 
After cooling to room temperature, 5 \il of 100 mM iodoacetamide may be added for 
10 the cysteine residues to be derivatized for 15 minutes at room temperature in the dark 
under nitrogen. 

135 \xl of water and 5 ng of endoproteinase Lys-C in 5 nl of water may be added to the 
above reaction mixture and the digestion may be carried out at 37°C under nitrogen for 
15 24 hours. 

The resulting peptides may be separated by reverse phase HPLC on a VYDAC C18 
column (0.46x1 5 cm; 10|im; The Separation Group, California, USA) using solvent A: 
0.1% TFA in water and solvent B: 0.1% TFA in acetonitrile. Selected peptides may be 
20 re-chromatographed on a Develosil CI 8 column using the same solvent system, prior 
to N-terminal sequencing. Sequencing may be done using an Applied Biosystems 
476A sequencer using pulsed liquid fast cycles according to the manufacturer's 
instructions (Applied Biosystems, California, USA). 

25 

SEQUENCE IDENTITY OR SEQUENCE HOMOLOGY 

The present invention also encompasses the use of sequences having a degree of 
sequence identity or sequence homology with amino acid sequence(s) of a polypeptide 
30 having the specific properties defined herein or of any nucleotide sequence encoding 
such a polypeptide (hereinafter referred to as a "homologous sequence(s)"). Here, the 
term "homologue" means an entity having a certain homology with the subject amino 
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acid sequences and the subject nucleotide sequences. Here, the term "homology" can 
be equated with "identity". 

The homologous amino acid sequence and/or nucleotide sequence should provide 
5 and/or encode a polypeptide which retains the functional activity and/or enhances the 
activity of the enzyme. 

In the present context, a homologous sequence is taken to include an amino acid 
sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98% 
10 identical to the subject sequence. Typically, the homologues will comprise the same 
active sites etc. as the subject amino acid sequence. Although homology can also be 
considered in terms of similarity (i.e. amino acid residues having similar chemical 
properties/functions), in the context of the present invention it is preferred to express 
homology in terms of sequence identity. 

15 

In the present context, a homologous sequence is taken to include a nucleotide 
sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98% 
identical to a nucleotide sequence encoding a polypeptide of die present invention (the . 
subject sequence). Typically, the homologues will comprise the same sequences that 
20 code for the active sites etc. as the subject sequence. Although homology can also be 
considered in terms of similarity (i.e. amino acid residues having similar chemical 
properties/functions), in the context of the present invention it is preferred to express 
homology in terms of sequence identity. 

25 Homology comparisons can be conducted by eye, or more usually, with the aid of 
readily available sequence comparison programs. These commercially available 
computer programs can calculate % homology between two or more sequences. 

% homology may be calculated over contiguous sequences, i.e. one sequence is 
30 aligned with the other sequence and each amino acid in one sequence is directly 
compared with die corresponding amino acid in the other sequence, one residue at a 
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time. This is called an "ungapped" alignment Typically, such ungapped alignments 
are performed only over a relatively short number of residues. 


Although this is a very simple and consistent method, it fails to take into consideration 
5 that, fox example, in an otherwise identical pair of sequences, one insertion or deletion 
will cause the following amino acid residues to be put out of alignment, thus 
potentially resulting in a large reduction in % homology when a global alignment is 
performed Consequently, most sequence comparison methods are designed to 
produce optimal alignments that take into consideration possible insertions and 
10 deletions without penalising unduly the overall homology score. This is achieved by 
. inserting "gaps" in the sequence alignment to try to maximise local homology. 

However, these more complex methods assign "gap penalties" to each gap that occurs 
in the alignment so that, for the same number of identical amino acids, a sequence 

1 5 alignment with as few gaps as possible - reflecting higher relatedness between the two 
compared sequences - will achieve a higher score than one with many gaps. "Affine 
gap costs'* are typically used that charge a relatively high cost for the existence of a 
gap and a smaller penalty for each subsequent residue in the gap. This is the most 
commonly used gap scoring system- High gap penalties will of course produce 

20 optimised alignments with fewer gaps. Most alignment programs allow the gap 
penalties to be modified However, it is preferred to use the default values when using 
such software for sequence comparisons. For example when using the GCG 
Wisconsin Bestfit package the default gap penalty for amino acid sequences is -12 for 
a gap and -4 for each extension. 

25 

Calculation of maximum % homology therefore firstly requires the production of an 
optimal alignment, talcing into consideration gap penalties. A suitable computer 
program for carrying out such an alignment is the GCG Wisconsin Bestfit package 
(Devereux et al 1984 Nuc. Acids Research 12 p387). Examples of other software that 
30 can perform sequence comparisons include, but are not limited to, the BLAST package 
(see Ausubel et al 1999 Short Protocols in Molecular Biology, 4 th Ed - Chapter 18), 
FASTA (Altschul et al 1990 J. MoL Biol. 403-410) and the GENEWORKS suite of 
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comparison tools. Both BLAST and FASTA are available for offline and online 
searching (see Ausubel et cd 1999, pages 7-58 to 7-60). However, for some 
applications, it is preferred to use the GCG Bestfit program- A new tool, called 
BLAST 2 Sequences is also available for comparing protein and nucleotide sequence 
5 (see FEMS Microbiol Lett 1999 174(2): 247-50; FEMS Microbiol Lett 1999 177(1): 
187-8 and tatiana@ocbi.nbn.nih.gov). 

Although the final % homology can be measured in terms of identity, the alignment 
process itself is typically not based on an all-or-nothing pair comparison* Instead, a 

10 scaled similarity score matrix is generally used that assigns scores to each pairwise 
comparison based on chemical similarity or evolutionary distance. An example of 
such a matrix commonly used is the BLOSUM62 matrix - the default matrix for the 
BLAST suite of programs. GCG Wisconsin programs generally use either the public 
default values or a custom symbol comparison table if supplied (see user manual for 

15 further details). For some applications, it is preferred to use the public default values 
for die GCG package, or in the case of other software, the default matrix, such as 
BLOSUM62. 

Alternatively, percentage homologies may be calculated using the multiple alignment 
20 feature in DNASIS™ (Hitachi Software), based on an algorithm, analogous to 
CLUSTAL (Higgins DG & Sharp PM (1988), Gene 73(1), 237-244). 

Once the software has produced an optimal alignment, it is possible to calculate % 
homology, preferably % sequence identity. The software typically does this as part of 
25 the sequence comparison and generates a numerical result 

The sequences may also have deletions, insertions or substitutions of amino acid 
residues which produce a silent change and result in a functionally equivalent 
substance. Deliberate amino acid substitutions may be made on the basis of similarity 
30 in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the amphipathic 
nature of the residues as long as the secondary binding activity of the substance is 
retained. For example, negatively charged amino acids include aspartic acid and 


NZAS-02 12300 


42 


glutamic acid; positively charged amino acids include lysine and arginine; and amino 
acids with uncharged polar head groups having similar hydrophilicity values include 
leucine, isoleucine, valine, glycine, alanine, asparagine, ghitamine, serine, threonine, 
phenylalanine, and tyrosine. 

5 

Conservative substitutions may be made, for example according to the Table below. 
Amino acids in the same block in the second column and preferably in the same line in 
the third column may be substituted for each other 

10 


ALIPHATIC 

Non-polar 

GAP 

ILV 

Polar - uncharged 

CSTM 

NQ 

Polar -charged 

DE 

KR 

AROMATIC 


HFWY 


The present invention also encompasses homologous substitution (substitution and 
replacement are both used herein to mean the interchange of an existing amino acid 
residue, with an alternative residue) that may occur i.e. like-for-like substitution such 

IS as basic for basic, acidic for acidic, polar for polar etc. Non-homologous substitution 
may also occur i.e. from one class of residue to another or alternatively involving the 
inclusion of unnatural amino acids such as ornithine (hereinafter referred to as Z), 
diaminobutyric acid ornithine (hereinafter referred to as B), norieucine ornithine 
(hereinafter referred to as O), pyriylalanine, thienylalanine, naphthylalanine and 

20 phenylglycine. 

Replacements may also be made by unnatural amino acids. 
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Variant amino acid sequences may include suitable spacer groups that may be inserted 
between any two amino acid residues of the sequence including alkyl groups such as 
methyl, ethyl or propyl groups in addition to amino acid spacers such as glycine or (J- 
alanine residues. A further form of variation, involves the presence of one or more 
S amino acid residues in peptoid form, will be well understood by those skilled in the art 
For the avoidance of doubt, "the peptoid form" is used to refer to variant amino acid 
residues wherein the ct-caibon substituent group is on the residue's nitrogen atom 
rattier than the a-carbon. Processes for preparing peptides in the peptoid form are 
known in the art, for example Simon RJ et al., PNAS (1992) 89(20), 9367-9371 and 
10 Horwell DC, Trends BiotechnoL (1995) 13(4), 132-134. 

Nucleotide sequences for use in the present invention or encoding a polypeptide 
having the specific properties defined herein may include within them synthetic or 
modified nucleotides. A number of different types of modification to oligonucleotides 

15 are known in the art These include methylphosphonate and phosphorothioate 
backbones and/or the addition of acridine or polylysine chains at the 3' and/or 5* ends 
of the molecule. For the purposes of the present invention, it is to be understood that 
the nucleotide sequences described herein may be modified by any method available in 
the art. Such modifications may be carried out in order to enhance the in vivo activity 

20 or life span of nucleotide sequences. 

The present invention also encompasses the use of nucleotide sequences that are 
complementary to the sequences discussed herein, or any derivative, fragment or 
derivative thereof. If the sequence is complementary to a fragment thereof then that 
25 sequence can be used as a probe to identify similar coding sequences in other 
organisms etc. 

Polynucleotides which are not 100% homologous to the sequences of the present 
invention but fall within the scope of the invention can be obtained in a number of ways. 
30 Other variants of the sequences described herein may be obtained for example by probing 
DNA libraries made from a range of individuals, for example individuals from different 
populations. In addition, other viral/bacterial, or cellular homologues particularly cellular 
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homologues found in mammalian cells (e.g. rat, mouse, bovine and primate cellsX may 
be obtained and such homologues and fragments thereof in general will be capable of 
selectively hybridising to the sequences shown in the sequence listing herein. Such 
sequences may be obtained by probing cDNA libraries made from or genomic DNA 
5 libraries from other animal species, and probing such libraries with probes comprising all 
or part of any one of the sequences in the attached sequence listings under conditions of 
medium to high stringency. Similar considerations apply to obtaining species 
homologues and allelic variants of the polypeptide or nucleotide sequences of the 
invention. 

10 

Variants and strain/species homologues may also be obtained using degenerate PCR 
which will use primers designed to target sequences within the variants and homologues 
encoding conserved amino acid sequences within the sequences of the present inventioa 
Conserved sequences can be predicted, for example, by aligning the amino add 
IS sequences from several variants/homologues. Sequence alignments can be performed 
using computer software known in the art For example the GCG Wisconsin Pilellp 
program is widely used 

The primers used in degenerate PCR will contain one or more degenerate positions and 
20 will be used at stringency conditions lower than those used for cloning sequences with 
single sequence primers against known sequences. 

Alternatively, such polynucleotides may be obtained by site directed mutagenesis of 
characterised sequences. Ibis may be useful where for example silent codon sequence 
25 changes are required to optimise codon preferences for a particular host cell in which the 
polynucleotide sequences are being expressed Other sequence changes may be desired 
in order to introduce restriction polypeptide recognition sites, or to alter the property or 
function of the polypeptides encoded by the polynucleotides. 

3 0 Polynucleotides (nucleotide sequences) of the invention may be used to produce a primer, 
e.g. a PCR primer, a primer for an alternative amplification reaction, a probe eg. labelled 
with a revealing label by conventional means using radioactive or non-radioactive labels, 
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or fee polynucleotides may be cloned into vectors. Such primers, probes ami other 
fragments will be at least 15, preferably at least 20, for example at least 25, 30 or 40 
nucleotides in length, and are also encompassed by the term polynucleotides of the 
invention as used herein. 

5 

Polynucleotides such as DNA polynucleotides and probes according to the invention may 
be produced recombinant, synthetically, or by any means available to those of skill in 
the art They may also be cloned by standard techniques. 

10 In general, primers will be produced by synthetic means, involving a stepwise 
manufacture of the desired nucleic acid sequence one nucleotide at a time. Techniques 
for accomplishing this using automated techniques are readily available in die art 

Longer polynucleotides will generally be produced using recombinant means, for 
15 example using a PGR (polymerase chain reaction) cloning techniques. This will involve 
making a pair of primers (eg. of about IS to 30 nucleotides) flanking a region of the lipid 
targeting sequence which it is desired to clone, bringing the primers into contact with 
mRNA or cDNA obtained Scorn an animal or human cell, performing a polymerase chain 
reaction under conditions which bring about amplification of the desired region, isolating 
20 the amplified fragment (e.g. by purifying the reaction mixture on an agarose gel) and 
recovering the amplified DNA. The primers may be designed to contain suitable 
restriction enzyme recognition sites so that the amplified DNA can be cloned into a 
suitable cloning vector. 

HYBRIDISATION 

25 

The present invention also encompasses sequences that are complementary to the 
sequences of the present invention or sequences that are capable of hybridising either 
to the sequences of the present invention or to sequences that are complementary 
thereto. 

30 
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The term "hybridisation" as used herein shall include '"the process by which a strand of 
nucleic add joins with a complementary strand through base pairing" as well as the 
process of amplification as carried out in polymerase chain reaction (PCR) 
technologies. 

5 

The present invention also encompasses the use of nucleotide sequences that are 
capable of hybridising to the sequences that are complementary to the subject 
sequences discussed herein, or any derivative, fragment or derivative thereo£ 

10 The present invention also encompasses sequences that are complementary to 
sequences that are capable of hybridising to the nucleotide sequences discussed herein. 

Hybridisation conditions are based on the melting temperature (Tm) of the nucleotide 
binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning 
15 Techniques, Methods in Enzymology, Vol. 152, Academic Press, San Diego CA), and 
confer a defined "stringency" as explained below. 

Maximum stringency typically occurs at about Tm-5°C (5°C below the Tm of the 
probe); high stringency at about 5°C to 10°C below Tm; intermediate stringency at 
20 about 10°C to 20°C below Tm; and low stringency at about 20°C to 25°C below Tm. 
As will be understood by those of skill in the art, a maximum stringency hybridisation 
can be used to identify or detect identical nucleotide sequences while an intermediate 
(or low) stringency hybridisation can be used to identify or detect similar or related 
polynucleotide sequences. 

25 

Preferably, the present invention encompasses sequences that are complementary to 
sequences that are capable of hybridising under high stringency conditions or 
intermediate stringency conditions to nucleotide sequences encoding polypeptides 
having the specific properties as defined herein. 

30 

More preferably, the present invention encompasses sequences that are complementaiy 
to sequences that are capable of hybridising under high stringent conditions (e.g. 65°C 


NZAS-02 12305 


47 

and O.lxSSC {IxSSC = 0.15 M NaQ, 0.015 M Na-citrate pH 7.0}) to nucleotide 
> sequences encoding polypeptides having the specific properties as defined herein. 

y 
h 

The present invention also relates to nucleotide sequences that can hybridise to the 
5 nucleotide sequences discussed herein (including complementary sequences of those 
discussed herein). 

The present invention also relates to nucleotide sequences that are complementary to 
sequences that can hybridise to the nucleotide sequences discussed herein (including 
10 complementary sequences of those discussed herein). 

Also included within the scope of the present invention are polynucleotide sequences 
that are capable of hybridising to the nucleotide sequences discussed herein under 
conditions of intermediate to maximal stringency. 

15 

In a preferred aspect, the present invention covers nucleotide sequences that can 
hybridise to the nucleotide sequences discussed herein, or the complement thereof, 
under stringent conditions (e.g. 50°C and 0.2xSSC). 

20 In a more preferred aspect, the present invention covers nucleotide sequences that can 
hybridise to the nucleotide sequences discussed herein, or the complement thereof 
under high stringent conditions (e.g. 65°C and 0. 1 xSSQ. 

EXPRESSION OF POLYPEPTIDES 

25 

A nucleotide sequence for use in the present invention or for encoding a polypeptide 
having the specific properties as defined herein can be incorporated into a recombinant 
replicable vector. The vector may be used to replicate and express the nucleotide 
sequence, in polypeptide form, in and/or from a compatible host cell. Expression may 
30 be controlled using control sequences which include promoters/enhancers and other 
expression regulation signals. Prokaryotic promoters and promoters functional in 
eukaryotic cells may be used. Tissue specific or stimuli specific promoters may be 
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used. Chimeric promoters may also be used comprising sequence elements from two 
or more different promoters described above. 

The polypeptide produced by a host recombinant cell by expression of the nucleotide 
S sequence may be secreted or may be contained intracellularly depending on the 
sequence and/or the vector used. The coding sequences can be designed with signal 
sequences which direct secretion of the substance coding sequences through a 
particular prokaryotic or eukaryotic cell membrane. 

10 EXPRESSION VECTOR 

The term "expression vector" means a construct capable of in vivo or in vitro expression. 

Preferably, the expression vector is incorporated in the genome of the organism. The term 
1 5 "incorporated" preferably covers stable incorporation into the genome. 

The nucleotide sequence of the present invention or coding for a polypeptide having 
the specific properties as defined herein may be present in a vector, in which the 
nucleotide sequence is operably linked to regulatory sequences such that the regulatory 
20 sequences are capable of providing the expression of the nucleotide sequence by a 
suitable host organism, i.e. the vector is an expression vector. 

The vectors of the present invention may be transformed into a suitable host cell as 
described below to provide for expression of a polypeptide having the specific 
25 properties as defined herein. 

The choice of vector, e.g. plasmid, cosmid, virus or phage vector, will often depend on 
the host cell into which it is to be introduced. 

30 The vectors may contain one or more selectable marker genes - such as a gene which 
confers antibiotic resistance e.g. ampicillin, kanamycin, chloramphenicol or tetracyclin 
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resistance. Alternatively, the selection may be accomplished by co-transformation (as 
described in W091/17243). 

Vectors may be used in vitro, for example for the production of RNA or used to 
5 transfect or transform a host cell. 

Thus, in a further embodiment, the invention provides a method of making nucleotide 
sequences of the present invention or nucleotide sequences encoding polypeptides 
having the specific properties as defined herein by introducing a nucleotide sequence 
1 0 into a replicable vector, introducing die vector into a compatible host cell, and growing 
the host cell under conditions which bring about replication of the vector. 

The vector may further comprise a nucleotide sequence enabling the vector to replicate 
in the host cell in question* Examples of such sequences are the origins of replication 
15 of plasmids pUC19, pACYC177, pUBl 10, pE194, pAMBl and pU7Q2. 

REGULATORY SEQUENCES 

In some applications, a nucleotide sequence for use in the present invention or a 
20 nucleotide sequence encoding a polypeptide having the specific properties as defined 
herein may be operably linked to a regulatory sequence which is capable of providing 
for the expression of the nucleotide sequence, such as by the chosen host cell. By way 
of example, the present invention covers a vector comprising the nucleotide sequence 
of the present invention operably linked to such a regulatory sequence, Le. the vector is 
25 an expression vector. 

The term "operably linked" refers to a juxtaposition wherein the components described 
are in a relationship permitting them to function in their intended manner. A 
regulatory sequence "operably linked" to a coding sequence is ligated in such a way 
30 that expression of the coding sequence is achieved under conditions compatible with 
the control sequences. 
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The term "regulatory sequences" includes promoters and enhancers and other 
expression regulation signals. 

The teem "promoter" is used in the normal sense of the art, e.g. an RNA polymerase 
5 binding she. 

Enhanced expression of the nucleotide sequence encoding the enzyme having the 
specific properties as defined herein may also be achieved by the selection of 
heterologous regulatory regions, e.g. promoter, secretion leader and terminator 
10 regions. 

Preferably, the nucleotide sequence of the present invention may be operably linked to at 
least a promoter. 

15 Examples of suitable promoters for directing the transcription of the nucleotide 
sequence in a bacterial, fungal or yeast host are well known in the art. 

CONSTRUCTS 

The term "construct" - which is synonymous with terms such as "conjugate", "cassette" 
20 and "hybrid" - includes a nucleotide sequence encoding a polypeptide having the specific 
properties as defined herein for use according to the present invention directly or 
indirectly attached to a promoter. An example of an indirect attachment is the provision 
of a suitable spacer group such as an intron sequence, such as the Shl-mtnm or the ADH 
intron, intermediate the promoter and the nucleotide sequence of fee present invention. 
25 The same is true for the term "fused* in relation to the present invention winch includes 
direct or indirect attachment In some cases, the terms do not cover the natural 
combination of the nucleotide sequence coding for the protein ordinarily associated with 
the wild type gene promoter and when they are both in their natural environment 

30 The construct may even contain or express a marker which allows for the selection of the 
genetic construct 
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For some applications, preferably the construct comprises at least a nucleotide 
sequence of the present invention or a nucleotide sequence encoding a polypeptide 
having the specific properties as defined herein operably linked to a promoter. 

5 

HOST CELLS 

The term "host celT - in relation to the present invention includes any cell that 
comprises either a nucleotide sequence encoding a polypeptide having the specific 
10 properties as defined herein or an expression vector as described above and which is 
used in the recombinant production of a polypeptide having the specific properties as 
defined herein. 

Thus, a further embodiment of the present invention provides host cells transformed or 
IS transfected with a nucleotide sequence of the present invention or a nucleotide 
sequence that expresses a polypeptide having the specific properties as defined herein. 
The cells will be chosen to be compatible with the said vector and may for example be 
prokaryotic (for example bacterial), fungal, yeast or plant cells. Preferably, the host 
cells are not human cells. 

20 

Examples of suitable bacterial host organisms are gram negative bacterium or gram 
positive bacteria. 

Depending on the nature of the nucleotide sequence encoding a polypeptide having the 
25 specific properties as defined herein, and/or the desirability for further processing of 
the expressed protein, eukaryotic hosts such as yeasts or other fungi may be preferred. 
In general, yeast cells are preferred over fungal cells because they are easier to 
manipulate. However, some proteins are either poorly secreted from the yeast cell, or 
in some cases are not processed property (e.g. hyperglycosylation in yeast). In these 
30 instances, a different fungal host organism should be selected. 
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The use of suitable host cells, such as yeast, fungal and plant host cells - may provide 
for post-translational modifications (e.g. myristoylation, glycosyiation, truncation, 
lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to 
confer optimal biological activity on recombinant expression products of the present 
5 invention. 

The host cell may be a protease deficient or protease minus strain. 
ORGANISM 

10 

The term "organism" in relation to the present invention includes any organisn that 
could comprise a nucleotide sequence according to the present invention or a 
nucleotide sequence encoding for a polypeptide having the specific properties as 
defined herein and/or products obtained therefrom. 

15 

Suitable organisms may include a prokaryote, fungus, yeast or a plant 

The term "transgenic organism" in relation to the present invention includes any 
organism that comprises a nucleotide sequence coding for a polypeptide having the 
20 specific properties as defined herein and/or the products obtained therefrom, and/or 
wherein a promoter can allow expression of the nucleotide sequence coding for a 
polypeptide having the specific properties as defined herein within the organism. 
Preferably the nucleotide sequence is incorporated in the genome of the organism. 

25 The term "transgenic organism" does not cover native nucleotide coding sequences in 
their natural environment when they are under the control of their native promoter 
which is also in its natural environment 

Therefore, the transgenic organism of the present invention includes an organism 
30 comprising any one of, or combinations of, a nucleotide sequence coding for a 
polypeptide having the specific properties as defined herein, constructs as defined 
herein, vectors as defined herein, plasmids as defined herein, cells as defined herein, or 
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the products thereof For example the transgenic organism can also comprise a 
nucleotide sequence coding for a polypeptide having the specific properties as defined 
herein under the control of a heterologous promoter* 

5 TRANSFORMATION OF HOST CELLS/ORGANISM 

As indicated earlier, the host organism can be a prokaryotic or a eukaryotic organism. 
Examples of suitable prokaryotic hosts include E. coli and Bacillus subtilis. 

10 Teachings on the transformation of prokaryotic hosts is well documented in the art, lor 
example see Sambrook et al (Molecular Cloning: A Laboratory Manual, 2nd edition, 
1989, Cold Spring Harbor Laboratory Press). If a prokaryotic host is used then the 
nucleotide sequence may need to be suitably modified before transformation - such as 
by removal of introns. 

15 

In another embodiment the transgenic organism can be a yeast. 

Filamentous fungi cells may be transformed using various methods known in the art - 
such as a process involving protoplast formation and transformation of the protoplasts 
20 followed by regeneration of the cell wall in a manner known. The use of Aspergillus 
as a host microorganism is described in EP 0238 023. 

Another host organism can be a plant A review of the general techniques used for 
transforming plants may be found in articles by Potrykus (Armu Rev Plant Physiol 
25 Plant Uol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech 
March/April 1994 17-27). Further teachings cm plant transformation may be found in 
EP-A-0449375. 

General teachings on the transformation of fungi, yeasts and plants are presented in 
30 following sections. 
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TRANSFORMED FUNGUS 

A host organism may be a fungus - such as a filamentous fungus. Examples of suitable 
such hosts include any member belonging to the genera Tbermomyces, Acremonium, 
Aspergillus, Penicillium, Mucor, Neurospora, Trichoderma and the like. 

Teachings on transforming filamentous fungi are reviewed in US-A-5741665 which 
states that standard techniques for transformation of filamentous fungi and culturing 
the fungi are well known in the art An extensive review of techniques as applied to N. 
crassa is found, for example in Davis and de Series, Methods Ertzymol (1971) 17A: 
79-143. 

Further teachings on transforming filamentous fungi are reviewed in US-A-5674707. 

In one aspect, the host organism can be of the genus Aspergillus, such as Aspergillus 
niger. 

A transgenic Aspergillus according to the present invention can also be prepared by 
following, for example, the teachings of Turner G. 1994 (Vectors for genetic 
manipulation, Lr Martinelii SD., Kinghorn J.R.( Editors) Aspergillus: 50 years on. 
Progress in industrial microbiology vol 29. Elsevier Amsterdam 1994. pp. 641-666). 

Gene expression in filamentous fungi has been reviewed in Punt et ah (2002) Trends 
Biotechnoi 2002 May;20(5):200-6, Archer & Peberdy Crit Rev Biotechnol (1997) 
17(4)273-306. 

TRANSFORMED YEAST 

In another embodiment, the transgenic organism can be a yeast 
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A review of the principles of heterologous gene expression in yeast are provided in, for 
example, Methods Mol Biol (1995), 49:341-54, and Curr Opin Biotechnol (1997) 
Oct;8(5):554-60 

5 In this regard, yeast - such as the species Saccharomyces cerevisi or Pichia pastoris (see 
FEMS Microbiol Rev (2000 24(l):45-66), may be used as a vehicle for heterologous 
gene expression. 

A review of the principles of heterologous gene expression in Saccharomyces cerevisiae 
10 and secretion of gene products is given by E Hinchcliffe E Kenny (1993, "Yeast as a 
vehicle for the expression of heterologous genes", Feasts, Vol 5, Anthony H Rose and 
J Stuart Harrison, eds, 2nd edition, Academic Press Ltd.). 

For the transformation of yeast, several transformation protocols have been developed. 
15 For example, a transgenic Saccharomyces according to the present invention can be 
prepared by following the teachings of Hirmen et aJ., (1978, Proceedings of the National 
Academy of Sciences of the USA 75, 1929); Beggs, J D (1978, Nature, London, 275, 
104); and Ito, Ret a! (1983, J Bacteriology 153, 163-168). 

20 The transformed yeast cells may be selected using various selective markers - such as 
auxotrophic markers dominant antibiotic resistance markers. 

TRANSFORMED PLANTS/PLANT CELLS 

25 A host organism suitable for the present invention may be a plant A review of the 
general techniques may be found in articles by Potrykus {Annu Rev Plant Physiol Plant 
Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech March/April 
1994 17-27). 

30 
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SECRETION 

Often, it is desirable for the polypeptide to be secreted from the expression host into 
the culture medium from where the enzyme may be more easily recovered. According 
5 to the present invention, the secretion leader sequence may be selected on the basis of 
the desired expression host Hybrid signal sequences may also be used with the 
context of the present invention. 

Typical examples of heterologous secretion leader sequences are those originating 
10 from the fungal amyloghicosidase (AG) gene (glaA - both 18 and 24 amino acid 
versions e.g. from Aspergillus), the a-factor gene (yeasts e.g. Saccharomyces, 
Kluyveromyces and Hcmsemdd) or die a-amylase gene (Bacillus). 

DETECTION 

15 

A variety of protocols for detecting and measuring the expression of the amino acid 
sequence are known in the art. Examples include enzyme-linked immunosorbent 
assay (ELISA), radioimmunoassay (RIA) and fluorescent activated cell sorting 
(FACS). 

20 

A wide variety of labels and conjugation techniques are known by those skilled in the 
art and can be used in various nucleic and amino acid assays. 

A number of companies such as Pharmacia Biotech (Piscataway, NJ), Promega 
25 (Madison, WI), and US Biochemical Corp (Cleveland, OH) supply commercial kits 
and protocols for these procedures. 

Suitable reporter molecules or labels include those radionuclides, enzymes, 
fluorescent, chemiluminescent, or chromogenic agents as well as substrates, cofactors, 
30 inhibitors, magnetic particles and the like. Patents teaching the use of such labels 
include US-A-3,8 17,837; US-A-3,850,752; US-A-3,939,350; US-A-3,996,345; US-A- 
4,277,437; US-A-4,275,149 and US-A-4,366,241 . 
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Also, recombinant immunoglobulins may be produced as shown in US-A-4,816,567. 
FUSION PROTEINS 

5 

A polypeptide having the specific properties as defined herein may be produced as a 
fusion protein, for example to aid in extraction and purification thereof. Examples of 
fusion protein partners include glutathione-S-transferase (GST), 6xHis> GALA (DNA 
binding and/or transcriptional activation domains) and P-galactosidase. It may also be 
10 convenient to include a proteolytic cleavage site between the fusion protein partner 
and the protein sequence of interest to allow removal of fusion protein sequences. 
Preferably the fusion protein will not hinder the activity of the protein sequence. 

Gene fusion expression systems in R coli have been reviewed in Curr. Opin. 
15 BiotechnoL (1995) 6(5):501-6. 

In another embodiment of the invention, the amino acid sequence of a polypeptide 
having the specific properties as defined herein may be ligated to a heterologous 
sequence to encode a fusion protein. For example, for screening of peptide libraries for 
20 agents capable of affecting die substance activity, it may be useful to encode a 
chimeric substance expressing a heterologous epitope that is recognised by a 
commercially available antibody. 

The invention will now be described, by way of example only, with reference to the 
25 following Figures and Examples. 

Figure 1 shows a pfam00657.6 consensus sequence (SEQ ID No. 1); 

Figure 2 shows an amino acid sequence (SEQ ID No. 2) obtained from the organism 
30 Aeromonas hydropfala; 
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Figure 3 shows an amino acid sequence (SEQ ID No. 3) obtained from the organism 


Aeromonas salmomcida; 

Figure 4 shows an amino acid sequence (SEQ ID No. 4) obtained from the organism 
5 Streptomyces coelicolor A3(2) (Genbank accession number NP_63 ] 558); 

Figure 5 shows an amino acid sequence (SEQ ID No. 5) obtained from the organism 
Streptomyces coelicolor A3(2) (Genbank accession number CAC42140); 

10 Figure 6 shows an amino acid sequence (SEQ ID No. 6) obtained from the organism 
Saccharomyces cerevisiae (Genbank accession number P41734); 

Figure 7 shows an alignment of selected sequences to pfam00657.6 consensus 


Figure 8 shows a pairwise alignment of SEQ ID No. 3 with SEQ ID No. 2 showing 
93% amino acid sequence identity. The signal sequence is underlined. + denotes 
differences. The GDSX motif containing the active site serine 16, and the active sites 
aspartic acid 1 16 andhistidine 291 are highlighted (see shaded regions). Numbers after 
20 the amino acid is minus the signal sequence; 

Figure 9 shows a nucleotide sequence (SEQ ID No. 7) encoding a lipid: sterol acyl 
transferase according to the present invention obtained from the organism Aeromonas 
hydrophila; 

25 

Figure 10 shows a nucleotide sequence (SEQ ID No. S) encoding a lipicLsterol acyl 
transferase according to the present invention obtained from the organism Aeromonas 
salmonicida; 

30 Figure 11 shows a nucleotide sequence (SEQ ID No. 9) encoding a lipid:sterol acyl 
transferase according to the present invention obtained from the organism 


sequence; 


15 
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Strepiomyces coelicolor A3(2) (Genbank accession number 
NC_003888.1 :8327480.8328367); 


Figure 12 shows a nucleotide sequence (SEQ ID No. 10) encoding a lipid-sterol acyl 
5 transferase according to the present invention obtained from the organism 
Streptdmyces coelicolor A3(2) (Genbank accession number 
AL93913 1 .1 265480..266367); 

Figure 13 shows a nucleotide sequence (SEQ ID No. 1 1) encoding a lipidzsterol acyl 
10 transferase according to the present invention obtained from die organism 
Saccharomyces cerevisiae (Genbank accession number Z75034); 

Figure 14 shows an amino acid sequence (SEQ ID No. 12) obtained from the organism 
Ralstonia (Genbank accession number: AL646052); 

15 

Figure 15 shows a nucleotide sequence (SEQ ID No. 13) encoding a lipid:sterol acyl 
transferase according to the present invention obtained from the organism Ralstonia; 
and 

20 Figure 16 shows that homologies of the Aeromonas genes can be identified using the 
basic local alignment search tool service at the National Center for Biotechnology 
Information, NIH, MD, USA and the completed genome databases. The GDSX motif 
was used in the database search and a number of sequences/genes potentially encoding 
enzymes with lipolytic activity were identified. Genes were identified from the genus 

25 Streptomyces, Xanthomonas and Ralstonia. As an example below, the Ralstonia 
solanacearum was aligned to the Aeromonas sahnonicida (satA) gene. Pairwise 
alignment showed 23% identity. The active ate serine is present at the amino terminus 
and the catalytic residues histidine and aspartic acid can be identified, 

30 
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EXAMPLES 

EXAMPLE 1: Use of lipidrsterol acyltransferase for mayonnaise production. 

5 The lecithin content of egg yolk is an important emulsifier for the production of 
mayonnaise with the limitation that the mayonnaise is not heat stable. It has therefore 
been known for several years to use a phospholipase from pancreas to modify lecithin 
in egg yolk to lysolecithin, which is a more efficient emulsifier. The use of enzyme 
modified egg yolk in mayonnaise production contributes to better heat stability of the 
10 mayonnaise during pasteurisation. A limitation of using pancreas phospholipase in 
egg yolk is that the amount of free fatty acid also increases, which contributes to 
reduced oxidative stability because free fatty acids are more prone to oxidation than 
the corresponding ester. Free fatty acid may also contribute to a soapy off taste. 

IS In accordance with the present invention it has now been shown that it is possible to 
produce lysolechhin from egg yolk without free fatty acid formation by use of a 
lipidrsterol acyltransferase. 

In the following experiment a lipidrsterol acyltransferase is used for the production of 
20 mayonnaise according to the following procedure. 


Ingredient 

Negative 

Positive 

With 


Control 

Control (with 

lipid:sterol 


(without 

phospholipase 

acyltransferase 


enzyme) 

A2 enzyme) 



% 

% 

% 

Vegetable oil 

50 

50 

50 

Egg yolk 

5 

5 

5 

Starch 

2 

2 

2 

Dextrose 

1.0 

1.0 

1.0 

Salt 

0.75 

0.75 

0.75 

Preserving agents 

0.1 

0.1 

0.1 
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Vinegar 

3.5 

3.5 

3.5 

Mustard 

2 

2 

2 

Water 

35.65 

35.55 

35.55 

Lipid: sterol acyltransf erase 
500LATU(St)/g 



0.1 

Pancreas Phospholipase A2 
(200PLU/g) 


OS 



Procedure: 

The egg yolk, dextrose and ]ipid:sterol acyltransferase or pancreatic phospholipase A2 
(if any) are transferred to a mixing bowl and agitated at 30°C for 20 minutes. All of the 
S other ingredients are then mixed and emulsified in a batch mixing process. After 
mixing the mayonnaise is pasteurised at 95°C for 5 minutes. 

The stability of the mayonnaise is evaluated by measuring die oil droplet size using a 
Malvern mastersizer. The oil droplet size of the mayonnaise prepared with the enzyme 
10 is significantly smaller than the oil droplet size of the mayonnaise prepared without the 
enzyme (i.e. the control mayonnaise). 

A sample q{ the control egg yolk and the enzyme treated egg yolk is extracted with 
CHCbrCHsOH 2:1 and the organic solvent phase is isolated and analysed by HPLC 
IS and GLC for the following compounds: phosphatidylcholine (PC), 
lysophosphatidyl choline (LPC), free fatty acids, free cholesterol, cholesterol esters. 

Results and conclusion: 

20 Preliminary results of oil droplet size after pasteurisation of the mayonnaise indicate 
that the enzyme treatment of the egg yolk facilitates bettor emulsification stability of 
the mayonnaise as compared with the control mayonnaise with no enzyme and the 
positive control mayonnaise with phospholipase AZ. 
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Preliminary results of the HPLC and GLC analyses indicate that the amount of PC in 
the "enzyme treated" mayonnaise is reduced as compared with the control 
mayonnaise, whilst die amount of LPC is increase in the enzyme treated mayonnaise 
as compared with the control mayonnaise. The increase in die amount of LPC may 
5 well explain the improved emulsification properties of the enzyme treated mayonnaise 
as compared with the control mayonnaise. The HPLC and GLC analyses also indicate 
a lower level of free cholesterol in the enzyme treated mayonnaise as compared with 
the control mayonnaise, probably due to the cholesterol being used as an acceptor 
molecule in the transferase reaction resulting in an increase in the amount of 

10 cholesterol esters in the enzyme treated mayonnaise as compared with the control 
mayonnaise. In addition, preliminary results indicate that the amount of free fatty 
acids do not increases significantly when egg yolk is treated with lipid:sterol 
acyltransferase. Preliminary results further indicate that the amount of free fatty acids 
produced in the foodstuff treated with the lipid: sterol acyltransferase is significantly 

IS lower than in the foodstuff treated with the pancreatic phospholipase, this is true even 
if die amount of lysolecithin formed in the foodstuffs is the same. 

EXAMPLE 2: Use of lipid: sterol acyltransferase for production of sponge cake. 

20 Emulsifies are widely used to improve the cake batter aeration in industrial 
production of sponge cake, and especially in the * all-in' procedure die emulsifiers are 
essential in order to obtain good aeration which contributes to improved batter 
stability and a sponge cake with good volume and nice homogenous crumb structure. 

25 In this example, a lipidisterol acyltransferase is tested in a sponge cake recipe and 
. compared with a high quality cake emulsifier Gatodan 504. 


Sponge cake recipe: 



1 

2 

3 

Ingredients 

Negative 

Positive 

Enzyme 


Control* 

control: 




Commercial 
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Emulsifler 


Sugar 

168 

168 

168 

Dextrose 

40 

40 

40 

Soya oil 

.40 

40 

40 

Egg 

200 

200 

200 

Cornstarch 

60 

60 

60 

Wheat starch 

188 

188 

188 

Hour 

188 

188 

188 

Water 

110 

110 

110 

Gatodan 504 cake gel** 


15 


Lipid acyl transferase, 500 LATU(Styg 



2 

Baking powder 

14 

14 

14 

Flavouring 

3 

3 

3 


* Negative control means no enzyme and no commercial emulsifier 

♦♦Gatodan 504 cake gel is a cake improver containing monoglyceride and 

propyleneglycolester 


5 Procedure: 

Egg, oil and dextrose are transferred to a mixing bowL Lipid:sterol acyltransferase or 

emulsifier (if any) is added and tbe mixture is agitated for 10 minutes. 

Mixing: The other ingredients are added and the cake batter is mixed on a Hobart 

Mixer for 2 minutes in I s1 gear and for 3 minutes in 3 rd gear. 

Baking: 

350 g cake batter is scaled in a cake tin and baked at 1 80 °C for approx. 35min. 
After baking the cakes are cooled to ambient temperature and specific cake 
volume(ml/g) is measured. Cake appearance and crumb structure is evaluated 
subjectively. 


After baking a part of the cake crumb is frozen and freeze-dried. The freeze-dried 
cake crumb is ground in a mill, sieved and extracted with CHC^CHbOH 2:1 
Emulsifiers in the lipid phase are analysed by HPLC and GLC. 
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Results and conclusion: 

5 Preliminary results indicate that use of the Kpidisterol acyl transferase in sponge cake 
results in sponge cake with significantly improved cake quality and appearance as 
compared with the negative control In particular, the cakes produced with the enzyme 
have a better specific volume, a better appearance (i.e. a smoother surface with less 
blisters and/or holes and a taller cake), and a better crumb structure (i.e. more 
10 homogenous and/or a more tender crumb) as compared with the negative control The 
results achieved were almost comparable with those obtained using the conventional 
cake improver (Gatodan 504). 

Preliminary results further indicate that the amounts of monoglyceride, Iysolecithin 
15 and glucose ester (produced by the reaction between the egg, the dextrose and the oil 
by the enzyme) were increased in cakes produced using the enzyme as compared with 
the negative control In addition, the amount of glucose ester produced in the enzyme 
treated cake is significantly greater as compared with the positive control cakes. 

20 Preliminary results also indicate that the amount of free cholesterol (typically from the 
egg yolk) is reduced in the cakes treated with the enzyme as compared with the 
positive and negative controls. This is because the enzyme additionally uses 
cholesterol as an acceptor molecule during the transferase reaction. 

25 All publications mentioned in the above specification are herein incorporated by reference. 
Various modifications and variations of the described methods and system of the present 
invention will be apparent to those skilled in the art without departing from die scope and 
spirit of the present invention. Although the present invention has been described in 
connection with specific preferred embodiments, it should be understood that the 

30 invention as claimed should not be unduly limited to such specific embodiments. Indeed, 
various modifications of the described modes for carrying out the invention which are 
obvious to those skilled in biochemistry and biotechnology or related fields are intended to 
be within the scope of the following claims. 
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CLAIMS 

1 . A method for the in situ production of an emulsifier in a foodstuff wherein the 
method is such that the emulsifier is produced without increasing or without 

5 substantially increasing the free fatty acids in the foodstuff and wherein the 

method comprises die step of adding a lipidrsterol acyitransf erase to the 
foodstuff. 

2. A method according to claim 1 wherein either a sterol ester or a stanol ester is 
also produced in situ in the foodstuff. 

10 3. A method according to claim 1 or claim 2 wherein a second emulsifier is also 
produced in situ in the foodstuff. 
4* A method according to claim 3 wherein the second emulsifier is a carbohydrate 
ester. 

5. A method according to claim 2 wherein the sterol ester is one or mote of alpha- 
15 sitosterol ester, beta-sitosterol ester, stigmasterol ester, ergosterol ester, 

campesterol ester or cholesterol ester. 

6. A method according to claim 2 wherein the stanol ester is one or more beta- 
sitostanol or ss-sitostanoL 

7. A method according to any one of claims 1-3 wherein the lipidtsterol 
20 acyltransferase is characterised as an enzyme which possesses acyl transferase 

activity and which comprises the amino acid sequence motif GDSX, wherein X 
is one or more of the following amino acid residues L, A, V, I, F, Y, H, Q, T, 
N,MorS.. 

8. A method according to any one of the preceding claims wherein the lipidrsterol 
25 acyltransferase enzyme comprises H-309 or comprises a histidine residue at a 

position corresponding to His-309 in fee amino acid sequence of the 
Aeromonas hydrophila lipolytic enzyme shown as SEQ ID No. 2. 

9. A method according to any one of fee preceding claims wherein the lipidzsterol 
acyltransferase is obtainable from an organism from one or more of fee 

30 following genera: Aeromonas* Streptomyces, Saccharomyces, Lactococcus, 

Mycobacterium, Streptococcus, Lactobacillus, Desulfitobacterium, Bacillus, 
Campylobacter, Vibrionaceae, Xylella, Sulfolobus, Aspergillus, 
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Schizosaceharomyces, Listeria, Neisseria, Mesorhizobium, Ralstonia, 
Xanthomonas and Candida. 

10. A method according to any one of the preceding claims wherein the lipidrsterol 
acyltransferase comprises one or more of the following amino acid sequences: 

5 (i) the amino acid sequence shown as SEQ ID No. 2; (ii) the amino acid 

sequence shown as SEQ ID No. 3; (iii) the amino acid sequence shown as SEQ 
ID No. 4; (iv) the amino acid sequence shown as SED ID No. S; (v) the amino 
acid sequence shown as SEQ ID No. 6; (vi) the amino acid sequence shown as 
SEQ ED No. 12, (vii) an amino acid sequence which has 75% or more identity 

10 with any one of the sequences shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID 

No. 4, SEQ ID No. 5, SEQ ID No. 6 or SEQ ID No. 1 2. 

11. A method according to any one of the preceding claims, wherein the emulsifier 
is one or mare of the following: a monoglyceride or a lysopbosphatidylcholine. 

12. Use of a lipidrsterol acyltransferase to prepare from a food material a foodstuff 
IS comprising an emulsifier, wherein the emulsifier is produced without 

increasing or without substantially increasing the free fatty acids in the 
foodstuff, and wherein the emulsifier is generated from constituents of the food 
material by the lipicLsterol acyltransferase. 

13. Use according to claim 12 wherein either a sterol ester or a stanol ester is also 
20 produced in situ in the foodstuff. 

14. Use according to claim 12 or claim 13 wherein a second emulsifier is also 
produced in situ in the foodstuff 

15. Use according to claim 14 wherein the second emulsifier is a carbohydrate 
ester. 

25 16. Use according to claim 13 wherein the sterol ester is one or more of alpha- 
sitosterol ester, beta-sitosterol ester, stigmasterol ester, ergosterol ester, 
campesterol ester or cholesterol ester. 
17. Use according to claim 13 wherein the stanol ester is one or more beta- 
sitostanol or ss-sitostanol. 

30 18. Use according to any one of claims 12 to 17 wherein the Hpidisterol 
acyltransferase is characterised as an enzyme which possesses acyl transferase 
activity and which comprises the amino acid sequence motif GDSX, wherein X 
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is one or more of the following amino acid residues L> A, V, I, F, Y, H, Q, T, 
N, M or S.. 

19. Use according to any one of claim 12-18 wherein the lipidrsterol 
acyltransferase enzyme comprises H-309 or comprises a histidine residue at a 

5 position corresponding to His-309 in the amino acid sequence of the 

Aeromonas hydrophila lipolytic enzyme shown as SEQ ID No. 2. 

20. Use according to any one of claim 12-19 wherein the lipidrsterol 
acyltransferase is obtainable from an organism from one or more of the 
following genera: Aeromonas, Streptomyces, Saccharomyces, Lactococcus, 

10 Mycobacterium, Streptococcus, Lactobacillus, Desulfitobacterium, Bacillus, 

Campylobacter, Vibrionaceae, Xylella, Sulfolobus, Aspergillus, 
Schizosaccharomyces, Listeria, Neisseria, Mesorhizobium, Ralstojiia, 
Xanthomonos and Candida, 

21. Use according to any one of claims 12-20 wherein the lipidrsterol 
IS acyltransferase comprises one or more of the following amino acid sequences: 

(i) the amino acid sequence shown as SEQ ID No. 2; (ii) the amino acid 
sequence shown as SEQ ID No. 3; (iii) the amino acid sequence shown as SEQ 
ID No. 4; (iv) the amino acid sequence shown as SED ID No. 5; (v) the amino 
acid sequence shown as SEQ ID No. 6; (vi) the amino acid sequence shown as 
20 SEQ ID No. 12, (vii) an amino acid sequence which has 75% or more identity 

with any one of the sequences shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID 
No. 4, SEQ ID No. 5, SEQ ID No. 6 or SEQ ID No. 12. 

22. Use according to any one of claims 12-2 1, wherein the second emukifier is one 
or more of the following: a monoglyceride or a lysophosphatidyicholine. 

25 23. A food stuff obtainable by the method according to any one of claims 1-1 1 . 
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ABSTRACT 
METHOD 

A method for the in situ production of an emulsifier in a foodstuff wherein a 
lipid:steix)I acyitransferase is added to the foodstuff Preferably the emulsifier is 
5 produced without an increase or without a substantial increase in the free fatty acid 
content of the foodstuff. Preferably, in addition to the emulsifier either a stanol ester 
or a stanol ester may be produced For some embodiments a carbohydrate ester may 
also be produced. 
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Figure 1 


SEQIDNo. 1 

t ivafGI§lTd geayygdsdg ggwgagladx 
€1 ivDalvaJLIF laqslglpziL pFXLsgdtlx 
121 Vlelrqalgl lqellrllpv ldakspdlvt 
181 hdnlrqlllnr Lrsnngaxii vlitlvilnl 
241 eavadfueal relaiskled qlrkdglpdy 
301 ettkaCCGyG gryHynrvCS naglcmrtak 
361 1 


Ltallxlrar pxgvdvfnrg IsGxtsdGxl 
GaJFAsa^At Ilptagpfli QvqtkACksq 
IsLiGtHpllt aar fgpkste sdrarovpef 
gplGClPlkl alalaasknv dasgdexln 
kgad vpyv Dl yalfqdldgi qxspsayvyGF 
aCnpssylls flfwDgf^ps ekGykavAea 


Figure 2 


SEQIDNo. 2 

1 mkkvfvcllg lvaltvqaad sxpaxativm fgdslsdtgk myskmrgylp ssppyyegrt 
61 sagpvwleql tnefpgltla neacggptav a yn klsi m pk yqvinnl dye vtqflqkdar: 
121 kpddlvilvv gandylaygv nteqdakrvr daisdaanxm vlngakeill fnlpdlggnp 
181 sarsqkwea asbvsayhnq lllnlarqla ptgnnrklxei dkqf aealrd pqpfglsdqr 
241 nacyggsyvw kpfasrsast dsqlsatnpq orlaiagnpl laqavaapna arsastlnce 
301 gkmfwdqvfcp ttwtiaalse paatfiesqy e&ah 


Figure 3 


SEQIDNo. 3 

1 xnkkwfvcllg lialtvqaad txpafarivm fgdslsdtgk myskmrgylp ssppyyegrf 
61 sngpvMleql tkqfpgltla neaeggatav aynfcis*mpk yqvynnldye vtqflqkdsf 
121 kpddlvilvv gandylaygv nteqdakrvr dalsdaanta vlsgakqill fnlpdlgqnp 
181 aersqkwea vshvaayhnk lllnlarqla ptgnvkltei dkqfaealrd pqnfglsdve 
241 npcydggyvw kpfatrsvst drqlsafspq erlalagnpl laqavaspna rrsasplcce 
301 gkmfwdqvbp ttxrvhaalsa raattletqy ellahg 


Figure 4 


SEQIDNo.4 

1 nzpkpalrrvm tatvaavgtl algltdatah aapaqatptl dyvalgdsys agsgvlpvdp 
61 anlldrsta oyphviadtt gaxltdvtcg aaqtattftra qypgvapqld algtgtdlvt 
121 rtiggndnst finaltacgt agvlsggkgs pckdchgtsf ddeieaatyp alksallgvr 
181 arapharvaa lgypwdtpat adpactlklp laagdvpylr aiqablndav rraaeetgat 
241 yvdfsgvsdg bdaceapgtx viepllfghs lvpvhpnalg erxnaehtnd vlgld 
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SEQIDNo.5 

1 npkpalrrvm tatvaavgtl algltdatah aapaqatptl dyvalgdsys agsgvlpvdp 
61 anlXdxsta nyphviedtt garltchrtcg aaqtadftxa qypgvapqlct algtgtdlvt 
121 ltlggntiost tlnaitacgt agvlsggkgs pckdrfcgtst 66eieantyp alkeallgvx 
181 araphaxvaa lgypwltpat adpscflklp laagdvpylr olqahlndav rraaeetgat 
241 yvdfogvsdg hdaceapgtx wiepllfgbs Ivpvbpaalg erxmaebtjad vlgld * 


Figure 6 


SEQIDNo.6 


1 ndyekClify daitefafxit rpiedgkdqy algaalvney trtedilqrg fkgytsxval 
61 kilpellkhe siiivmatAfl gandacaagp qsvplpefld nixcpnrolmk syhirpiiig 
121 pglvdrekve kekseeialg yfxtnenf al ysdalaJelan eekvpfvaln kafqqeggda 
181 wqqlltdglh f sgkgyklffc dellkvietf ypqyhpknnq yklkdwrdvl ddgsndUos 


NZAS-0212329 


3/14 


Figure 7 


Alignment, of pfam00657.fi consensus sequence with £10480 

*->ivafGDSlTdg eayygdsdgggwgagladrL 

iv+fCTSl-Hl+++ ♦+ 4+ * H *I I ♦ v -MO. ♦ ♦ :* 

F10480 28 l\^i;i^i^PTg)mystairgylp3sppYl£Gia^w^^^ixoiJH^ 174 

*t • 

tall. . rl raipx g vdv InryLsGrta dGr HvDalvaHTl aqolglpn 

♦ 1 ♦ > HHIM , +n» + 

710480 75 PGX*TiaHEM366PTAVAyHKISHHPK . — 100 

LplTfLsgdflrtMFAsagAtllptsgptliQvqFltdfksqvlelrqalg 

pio^eo 101 — ■ ': ■ - ■ rorani 106 

Xlqellrllpvlttok9pdlvtlaiGtirollt3atfgp)LSte3dLuvsv|>e 

l4-N>4- ++1 ♦++ k+ dlV4 I t tGlfflH 4~F n » n » 

P10480 107 !J5YEVT0ri^a«FKroDI.VltWVGWJpr ZAYGtroTEQSAKR 148 

fkdiarqlikrtoii^arllvlJXlvi^ 
♦♦d ++++-hx+ nga+ 4+++nl* 1G+ p+ 
PI 0480 149 VRDAISDAflNRMV-LHGAK EILI.imPDZ£CMPS 181 

vdasgclexlneavadfcealrelalsiaedril rkdglpdvfcgadvpyvD 
+* ++attaftl +la +qli » ig n i mid -m-m- 
P10480 182 ARSCKVVE&ASHVSAYHHOLT.LHTA RG&AFTGECVKLFEXDKQFAE 226 

lysifgdl dgi grips ayv.y.. . .GFe.ttkaCCGyGgr.ySyn.zv.CG 

^ ^ 4 ^ ^ ^*&4) ^ 4' 4"+ 4 + 4 Q 4* 4 4 4"+ 4 ♦ I + ^ X 4* 

P104B0 227 Kl^PCNF^DQfcBACVgGsyvwKPFUSR^^ 276 

nag .1 *c. irrt3jcaC.npssyll.s£lfwDgfBp3ekGykav-Aeal<-* 
x + » i i ia++ +8+ < »♦ 1 4 1 fwt>»+Bp4- 4-kh- e 
P10480 277 QI?ll*QaY&SPMAAxSA$TU9Ce€E&^ 322 

Alignment of pfam00657.6 consensus sequence with AAG09804 

• ->iva fGDSlTdg e ayygdsdgggwgagladxL 

iv*f6DSl-NR+* +♦ ++ M l t»H ++*s-fg w ++1 * ♦ 
AAGO9804 28 rVKFGI>SI^DTgtays^gylp3SppYYB^ 74 

tallrlra iyi y wiw InrglsGrtsdGrlivPalvallFlaqs lglpnLp 
+g+++ n + +G+t 

AAG09804 75 PGLTIAHEAE5G6AT 88 


Pn^gnXlrGUiFAsagACXlptsgpfUOvqPlfcdf fcsqrlelrqa. . . . 

+ 4-hm- + 

AAGO9804 89 AVAYHKXSHBpJcyq 102 

. . lgllgelJrllpvld^kspdlvtliidGtHDaits 
++l++e* -M-1 fc+ <tly> » MG » m >+ ♦+ 4-t- 

AAG09804 103 vyHBM>IIOTUfc'LCgrowW ■-■ LAXGHHTUQ 144 

uvpe f kdnl rglilrrnrfmngaxilvlitlvl lnlgplGClPHclalala 
m i M 4d t « »t »4r» nga+ 1 1 1 1 inl+ 1G+ P4- 

AAG09B04 145 DAKKVRDAISDAARIWV-UIGAK QXIXFHLPDLG08PS 181 


5 s knvda s gclerlneavad fne air e 1 ai s kled ql x kdgl pd v fcgadv 
4 t»i *e -t-t-a* <n* >X +la -fqi-M^gt n » i » td 
AAG09804 182 ABS Q&VVEAVSHVS atHBKLLLW Lft " ■ -RQL&PTQfVKLrEIPK ZZ2 

pyvulysif qdldgignpsayv. y . . . .GFe.ttkaCCGyGgr.yHyn.r 

^^■^^■^ ^^jfr^^ ^ ^^^^^ ^^^K ^ ^ ^ ^ ^"fr^ ^ ^^^jj " 

AAGO9804 223. QFAB«LfiZ>PQ!9It^E^EnPCr<4^gyvia^ 272 


AAG09803 


v.CGt^g.l.c.nvtataC.npssyll.zsflfwDgxBpseJcGylcavAeal 
4- h i m 1 *■ 4444aH +s H i t*itvV++Bp+ -M>a+ e+ 
273 talASHPlXaQa VASPH?^to^ASPW^QcHrWlWH^ T WHAALSEBA 322 
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A&G09804 


Alignzseat of pfaa0O6S?,6 consensus sequence *Lth SP_631558 

» ->lvaf GDSlTdgeayygdsdgggwgaglftdrT.r al 1 rXrarpxgvdvt 
4va4GDS ++9 4g 4 444L 4 4 4 +4 + 
HP_63153B 42 TVALGDSTSM3 : SGVLPVDPAHL LCLRSTWITPHV 75 


BP €31558 


VP 631558 


HP 631558 


HP 631558 


HP 631558 


nrgl&Grtsd&rlivD. a.l .vallFlaqslglpnLppYLagdfXxGAHr 
♦ 4 H5H * " " D ♦ t ♦ j 
76 IBDTTG&R LTDvTcGaAQ = 


AgogAtIlptggp£IlQyqrtatffcsqvleXrqalgtiaqf>l IrllpyldaJt 


94 


-T»DETR&QXPGVAP0XJ>2VLGf 114 


spdlvtimiGtHDl - its af f gpfcs t esdnrwp 

4 dlvt+ 1G4HD 44 + 4 44 + * 4+ + 4k +4 4 444 
115 GTDLVTLTIGGNIJNotflJwUtacgtagTlSGGKGSPCKDRHGTSrDDEI 164 

efkdn . . lrqlikrLrs - nngaxii vlitlvilnlg plG 

e +4+ 14444 4r44+ 4ar4 +1 4+14+4 4++ + + e 
165 E2ttiTYpaLKERLU?VBArAFHAKV7A 2X4 

ClPlfclAlfllaa xtmrrfAngrlf>r1neaTOHfafta 1 j> j « » f jyfrglyfc 

P4 1+ +*a n a+r a 
215 DVPY UtAIQ&HUnaVHRAA 234 


dglpdvkgadvpyvolyaif qdldglqupsayvyGfettlcaOCGyGgryXl . 
44 4 4yvf>+ ++ 

HP_631558 235 EETOOTVDPSGVSDG : 250 


HP 631558 


HP 631558 


ynrvCGSiaglcnvta kaC . npasyll , ^fifwDgf . » *Hpse)cGykavAe 
++aC+ p +++ 4 If + 4 4 Bjh-+ £ +++Ae 
251 — BIACeAPGriaaePlJJ<aSLvpvBPHai£CaiQ!AE 286 


al<- 
4 

287 HT 


288 


Ali gnmen t of p£aoa006S7.6 consensus seqaance witb C&C42140 

* - >ivaf GDSlTdge ayygdsdgggwgagladrLtall rlraxp tgvdvf 
4va4GDS 44g 4g 4 +-M-L + 4 + 4+ + 

42 YVALGDSTSAG SGVLPVDPAHL LCLBSTAHYPBV 75 


CAC42140 


CAC42140 


C&C42140 


G&C42140 


CAC42140 


C&C42140 


CAC42140 


nxgisGrtsdGrULvD.a .1 • vaUFLaqsl9XpnLpPTLsodflrGAHF 
+ MO l t D + + 4 
76 X&0TTGAR LTDvTcGa&Q 93 

AsagAtllptsgpfliQvqFWfksqvlelrqalgllqellrllpvlda^ 

+4+ ++ + 4+ 44+ 
9« TM)BTRftQyPGVaPOLDALGT 114 

spdlvtinlGtHQX itsaf f gpfcsteadrmrsvp 

4 dlvt+ im> 4+ 4 4 4+ + ++ + ik ++ + +++ 
115 CTiaVTIglGGHIWs tflra ttft r gtagvl^^ 164 

efkdn . . lrqlifcrLra . nngarii vll tlvilnlg plG 

e 444 14444 +r444 4ar4 41 4+1444 ♦++ ♦ + G 
165 EAHTYpalJCCALLGVRAr APKARVAALGYPHlTPATadpscf 1 kl pi AAG 214 

ClPXJtlalalas^lQTT^a^gclerli^vadfnealrelalskledqlrk 
P4 14 44a n a4r a 
215 DOT LBAKABUnAVRBAA 234 

dglpdvkgachrpyviaysifc^dgiJin^ 

44 4 4yvl>4 44 

235 EETGATYVDrSGVSPC 250 


ynrvOGnaglcnv-taJtaC.npssyli. sQfvDgf ... Hpsekfiykavfle 

44aC4 p 444 4 If 4 4 + Bp44 6 4++fte 

GAC42140 251 H py^^pi^OTAtqj^^^^p^Ptt&lgEBiaffiB 286 
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Figure 7 cont'd 


CAC42140 


al<-* 

♦ • 

28? BX 288 


10 


15 


20 


25 


30 


35 


Alignment of pfan006S7.6 consensus seqoenee with P41734 

*->ivafGDSlTdg. . . *eayygctedgggvgagladrLtallrlxaxprg 
-M-fCTS+T^ +++ + ♦ d+ ga+X ♦ + +r+ 
P41734 6 FIiLFGDSITBFafntRPIBDGKDQfZALQALVIiSX : TRK 43 


P41734 


P41734 


P41734 


P41734 


P41734 


P41734 


P41734 


vdvfnr9isGrt8(lGrllvi^vallFXaqalglpja^FTI^9d£lx€m | 
44 MBZLQMiFXGtT 55 

FZ^agAtlLptsgptliQv^Eltdfksqvlelr^Igllqellxllpvlda 

56 ' SHBALKXIf EXLKB 6 70 

ltsp<UvtimiGtHDlit3affgplL3tes<lrnYsvpcfVrtn1 rqttfcrUta 

+ <* ti*-+G+HD* ++ ++♦ v++pef4dn<rq a 

71 SHIVHATIFLGAKDA CSAGPOSVFLPETIIJNIRCWVSLMKS HI 

nnga zi^vlitlvllnlgplGClPlJaalalasa toxvdasgclerlneav 
-M-M-ii-H-M-iv ++ + + r*ne + 

112 YB IRP1I IGPGLVPRSKW • EKEKSEEIALGYTRTNOTF 148 

adfnealrelaiskledqlrkdglpevkgadvpyvOlyaifqdldgicpip 
a + al +la +vp*v l+++tq? -hg+*t* 

149 AIYSDALAKLA— NEEKVTFVTkLMKAFQQEGGDAWQ 182 

sayvyGFe tt kaCCGyGgryHynrvCGimglcnvtaltaCnpa aylls £lf 
♦ 1+ 
103 Q I*L IBS 


wDg£Bp3efcGykarvAeal<- 
Dg+frHi keyk-M-M-fl 
106 TDGLBFSGRGYKIFHDEL 


203 
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Figure 8 


♦ + 

A.hyd 1 HKKgFffaJdGLVAITVQAR DBIffiAFS^^ 60 


A. sal 61 £2?GPVHI£QITKQFTCLTIAHEAEGGRTAVA^ 120 

++ V :I 

A. hyd 61 SBGPVWl£QLTIIEFP<n*TTAnEAEGGPT AVAi »ju 3iiHP& I UV 1 UHLDTCTTQFLQKDSF'. 120 


a* sal 121 KPDDLvnJBtvaaijfrw^ ieo 

♦ 

a. hyd 121 KPtmvnJ H r w a H yra 1B0 

A. sal 161 SARSQKVVEAVSHVSAXHHKUiTO^ 240 

A. hyd 161 S&RS CffiVVgAASHVSAYHBOLLLHIARQLA PTQgVKUEI DKQFAEMmDPQBFGlSPQB. 240 

A. sal 241 SPCYKK^rVWKPniTRSVSTKlQLSAFSPQE^^ 300 

+ 4++ + ♦ + + 

A. hyd 241 HACTfGGSOTHKPFASRSASTDSOIfiAF^^ 300 

A* sal 301 GK&r*VQ Viii> rr V VHAALSERAATriKTU? U&UkB 335 

A. hyd 301 GFMFWDQVHPTTVVHAALSEPAATFIBSQYBrLAH 335 


NZAS-0212333 


7/14 


Figure 9 


1 ATOAaMWT GGTTTGTGTG TTTATTGGG31 TTGCTC QC 6C TGRCAGTTCA GGCAGOCG&C 

62 A3CCGTCCCG C C TTCyCCCU 6ATCGTGATG TTTGGOGaCa GCCTCTCCG3V TOCCGGCA&G 

121 RTGTACAGCA. A6A3GCGCGG TTACCTCCCC TCCAEOCCCC CCTACTAJbA GGGCCGCTTC 

161 TCOACGGGC CCGTCTGGCT GQACCAGCTG ACCttGGftST TCCCGGGCCT GAOC&XAGCC 

241 AACGAGGCGG AAGGCGGWX GftCCGCCGTG GCtTACAMR AGaTCTCCTG OATCCGAA6 

301 TATCaGGTCA TCAACAACCT GGAGTACGAG GTCaCCCAGT TCCTGCBftA* AGACACCTTC 

361 AASCCCSRCG ftlCTQGTGftT CC T C V GGG T C GGCSCCaftCB ACTATCfGGC CTATGGCJGG : 

421 AAC&C&GASC AGG&TGCCWk GCGGGTGCGC GACGCCMCR 60GRT SC GSC CAACCGCfilGj 

481 GTGCTG&ACG GCGCCAAGGft GftTACTGCTG JTCAACCTGC CGGATCTGGG CCAG&ftCCCCl 

541. TCQSCCCGCa GCCAEARGGT GgTCGftSGCg GCCAGCCBTG TCTCCGCCTA CXRCAACCAg! 

601 CTGCTGCTGA ACCTGGCAC6 CCACCTGGCT OCCACCGGC* TGGTG&AGCT GTTCGAGftTC 

661 GAC&AGCftGT TTGCCGAGAT GCTGCGTGaT CCGCMSACT TOGGCCTGAG CGACCAGAGG 

721 MCGCCTGCT ACGGTGGCftG CT A TGTATG U AftQCCGTTTG CCTCCCGCAG CGCC&GCACC 

781 GfcCAGCCAGC TCTCCGCCTT CAaCCCGOUS G&GCGCCTCG CCATCGCCGG CAftCCCGCTG 

841 CTGGCC Ca gS CCCTCGOC&G CCCCATGGCT GCCCGGAGCG CC&GCACCCT CAACTGTCSG 

901 GGCAAGRTGT TCTGGGATCA GCTCCACCCC ACCACTGTCG TGCACGCCOC CCTGIVGCGftG 

961 CCCGCCGCC& CCTTCATCGA G&GCCAGT&C G&GTTCCTCG CCCAC 
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Figure 10 

1 &XG&RAAAAX GGTTTCTTTG TTT&TTGGGG TTGATC6CQC TGACAGTTCA GGCAGOCG&C 

61 ACTCGCCCCG CCTTCTCCCG G&TGGTG&TG TTCGGCGAC& GCCTCTCCG& XAOCGGCA&& 

121 &TGTAC^ECa AG&TGCGCGG TTACCTCCCC TCCRGCCCGC CCXATX&TG& CGG C C G 1TTC 

161 TCCRACGGftC CCGTCTGGCT GGAGCAGCTG ACCAfcGCAGT TCCC GG bTCT 6ACCAXCGCC 

241 AACGA&GCGG fiAGGCGGTGC CBCTGCCGTG GCTTBOUiat AGKTCTCCTG GAATCCCAAS 

301 TATCftGGTCT ACftftCftftCCT GGACTACGftG GTCftCCCftGT TCTTGCfcGAA AGACftGCTTC 

361 aaGCCGCACG ATCTGGTGAT CC'JC'l G fcGT C G6TGCC&B36 ACX&3CTGGC flt ft l GG CTGG 
421 ' AAXACGGAGC AG6&XGCC&& GCGAGTTC6C GATGCC&TCA GCS M GOGBC CABOCGCRT6 

481 G7RCTG&ACG GTGCCAAGCft GATACTGCTG TTCAACCTGC CGGATCTG&& CCftGftftCCCS 

541 TCAGCCCGCA GTCAG&AGGT GGTCGAGGCG GTCAGCCATO 1 VTCCUXT A TC&GA&C&A6 

601 CTGCTGCTG& ACCTGGCACG CCAGCTGGCC CCCACCGGCA GTTCGRGATC 

661 GftCA&GCAAX TTGCCGSG&T GCTGCGTG&T CCGCAQVfiCT TCC G OCT Gft C CGACSTCGAS 

721 AACCCCTGCT ACGftCGGCGG CTZtfGTGTGG AAGCCGTTTG CC&CCCGCAG CGTCM5CACC 

781 GRGCGCCAGC TCTCOGCCTT CAGTCCGCAg GDfAC0CC9O6 CCATCGCCGG f.AftQCC6CT6 

641 CTGGCACAGG CCGTTGCCAG TCCTATGGOC CGCCGCAGGG CGftGOOCGCT C&&CTGTCA6 

901 GGCAAfiftTGT TCTGGGftTCA GGT&CACCCG ACCACTGTCG TGC& CCCA GC CCTGAGCGftG 

961 CGCGCCGCCA CCTTGA3C6A GftCCCAGE&C 6&GTTCCTCG CCCWXGATG & 
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Figure 11 * 

1 ftlGCC&AGC C t GCCC T TUt CCGTCTCMG ACCGCSftC&S tCGCCGCCGT CGGCftCGCTC 

61 GCCCTCGGCC TCACCGACGC CACCGCCCAC SCCGCbCC CG CCCAGGCCftC TCCGftOCCTB 

121 GftCTACGTCG CCCTCGGCG& CAGCTACW3C G0C6GCXCCQ UXr t C C TGCC CGTCGACCCC 

161 GCCZACCTGC TCTGTCTGCG CTCGACGGCC AftCTftCCCCC ftCGTCBtCGC GG&C&CG&CG 

241 GGCGCCCGCC TCACGGACGT CACCTGCGGC GCCGCGCAC& CCGCCGftCTT CACGCGGGCC 

301 CAGTBCCCGG GC&TOUCftCC CCAGTTGGAC GCGCTCGGC& CCGG Cfi UgA CCTGGXG&C6 

361 CTCACCATCG GCGtSCAACGA CJUCAGCSGC TTCA3CAACG CCATCACCGC CYGCGGGBGG 

421 GCGGGTGTCC TCRGC G GCCg CRAfiGQCftGC CCCTGC&AGG ACAGGCBOGG CftCCTOCTTC ; 

461 G&C6&CGAG& TC6BGGOCAA CAOCXACCCC GCQ CTCAA GG AGGOGCTGCT CGGCGICCOC J 

541 CCCAG9GCTC CCCACGCCAG GGTGGCGGCT CTCGGCTftCC CSTGGATCaC COGGGOCAOC / 

601 6CCG&CCCGT CCTGCTTCCT GAAGCTCCCC CTCGCCGCC6 GTG&CGTGCC CXAOCTGC6G 

661 GCCXTCCAGG CACACCTCAA CG&CGCGGTC C SC CCGCCCG CCGAGGftGRC CGGRGCGACC 

721 TftCGTGG&CT TCTCCGGGGT GT CCC ftCCGC CACGRCGCCT GCGAGGCCCC CGGCACCCGC 

781 TGGATCGAAC CGCTGCTCTT CG6GCACAGC CTCGTTCCCS TCCMCCCft& CGCCCTGGGC 

641 G3U3CGGCGCA TGGCCGAGCA C&CGKTGGAC GTCCTCGGCC TGG&CTGA 


10rt4 ij: 

Figure 12 

1 TCRGTCCAGG CCGAGGRCGT CCATCGTGTG CTCGGCCA7G CGCCGCTCGC CCAGGGCGTT 

61 GGG^TC Gft CG GGAACGRGGC TCTCCCCGAA GAGCAGCGG? TCC MTQCR 6C GGGTGUCGQG 

121 GGCCTCGCAE GCGTCGTGGC C6TCGG&CAC CCCGGAOJUS TCCACGT&GG ?GGCSOCGGT 

181 CTCCTCGGC8 GCCCGCCGGA CCGCGTCGTT GAGGTCTGCC TGGASGGOCC GCftbGTAGGfe 

241 CACGTCAOCG GCGGCG&GGG GG&GCTTCAG G&AGCftGGftC GG gFCGSCG G TGGCCGG GG T 

301 G&TCC&CGGG TASCCGAGftG CCGCCACCCT GGCGTGGGGA GCCCTGGCGC GGACGOCGfcG 

361 CAGCGCCTCC TTG&GCGCGG GGXACGTCTT GGCCTCG&TC TCGTCGTC6A ftGQlGOTGCCi, 

421 gTSCCTGTCC TTGC&6GGGC TGCCCTTGCC GCCGCIGAGG ACACCCGCCG TGCCGCA6GC;; 

4B1 CGTGATGGCG WGATGAIiGG TGSC7GTTGTC GTTGOCCCCG AffGGTGftGCG TGftCCAGGTC'j 

541 CGTGCCGGTG CCGAGCGCGT CCAACTGGGG TGCGftCGCCC GGGXftCfGGG CCCGCGTGAA 

€01 GTCGGCGGTC TGOGCGGCGC OGCAGGTGAC GTCCGTGAGG CGGGCGCCCG TCGTGTCCGC 

€61 GATGACGTGG GGGTAGTTGG CCGTCGftGCG O&AC&GftSC AGGTTGGCGG GGTCG&CGGG 

721 CAGGBCGOCG 6AGCCGGCGC TGTAGCTGTC GOCGAGGGC6 ACGTAGTCCA GGGTCGGAGT 

7B1 GGCCTGGGCG CGCGCGGCGT G GG CGST G SC O TC GGTSflGS CCGAGGGCGA GCST6C0 6a C 

841 GGCGGCG»CT GTCGCCGTCA TGACACGGCG AAGGGCAGGC TTCGGCAT 


Figure 13 
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1 AXGGATTACG AGAAGTTTCT GTT&TTTGGG GJHTCCATIA CTCMTTTGC TTTTJUMACT 

61 AGGCCCKTTG AftGATGGCAA AG&TCAGTBT GCTCTTGGRG CCGGKRM3T CWkCGfcKTfil 
121 TGGA3ATTCT TC&AASAGGG TTCAARGGGT AC& CnuiA S ATGGGCGTTG 

181 A&ARTACTTC CTGAGATITT TCCAATX3T6 TCATGGOCAC AATATTTTTG 

241 GGTGCCAACG ATGCATGCTC AGCAGGTCCC OkAfiGTGICC CCCTCCCCGA mTJOCCKtl 

301 AAXATTCGTC ARATGGTBTC TTTGKTGAAG TCRACOO& TCCGTCCXftX TAIAATfcGGji {j 

361 CCGGGGCTAG TAGAIW3VGA G&AGIGGG&A WAGAAAA&T CrGA&QABT AGCTCTCGGVl 

421 TJVCTTCCGT& CCfcACGAGRA C il l GLUk TT TATTCCGBXG CCTTaGCRAA ACtAGCCABT * 

461 GAGGAAAAftS CTCCCT T CCT GGCTTTGAAT AAGGOGTTTC AAC&GQA&GS TGGT Gft TGCT 

541 TSGCAACA&C TGCTAACAGA TGGACTGCAC TTTTCCGGAA AAGGSIRCAA JU UlHIUt T 

601 GACGAATTAX TGBAGGTCAT TGAGACATTC XACCCCGAAT AtCATCCCAA AAACATGCA& 

661 TACAAACTGA AAGATTGGW3 AGATGTGCTA GAIGATGG&T CTAftCAXAAT 6T CT T GA 


Figure 14 
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(SEQIDNo.12) 

10 20 30 40 SO 60 

I I I I I I 

MHLKQBMQA TOI A TCI Aft CGGGGTDQSG HPHVAKYQBM WFCD6LSDX GTYTPVAQAV 

70 00 30 100 110 120 

I I I I I I 

GGGKPTTHPG PIW&ETVfcAQ 1GVTLTPAVM GYATSVQWCP KAGCFDX&QG 6SKVTOPBGI 

130 140 130 160 170 180 

I I I I 11 

GHNGGAGftLT TFVQQQLANF YAASSBTFZ9G BHDV7FVXAG 5SDXFSVXT& AATSGSGVTP 

190 200 210 220 230 240 

I I I I I I 

AIAX&QVQQ& MTDLVGTVKO MIAKGftTQVY VFHLFDSS1T PDCVASGTTG QALLEAXiVGT 

250 260 270 2S0 290 300 

I I I I I I 

FOTTLOSGLA GTSARIIDFH AQLTWaCBG ASFGFANTSA RACDATKXBA LVPSAGGSSL 

310 320 330 340 

I I I I 

FCSABTLVAS GfcDQSYLF&D GVBFTZAGHR LIJVSHVLABL LAHHV7VH 
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Figure 15 
(SEQIDNal3) 


atgaacctgc gtcaatggat gggcgccgcc a c ggc tg ccc ttgccttggg ettggccgcg 60 

tgcgggggcg gtgggaccga ccagagcggc aatcccaatg tcgccaaggt gcagcgcat^ 120 

gtggtgttcg gcgacagcct gagcgatatc ggcacctaca cccccgtcgc gcaggcggtg 1B0 

ggcggcggca agttcaccac caacccgggc ccgatctggg ccgagaccgt ggccgcgcaa 240 

cfcyggcgtga cgctcacgcc ggcggtgatg ggctacgcca c c tccgtgca gaatxgcccc 300 
aaggccggct gcttcgacta tgcgcagggc ggctcgcgcg tgaccgatcc gaacggcatc - 360 

ggccacaacg gcggcgcggg ggcgctgacc tacccggttc agcagcagct cgccaacttc 420 

tacgcggcca gcaacaacac attcaacggc aataacgatg tcgtcttcgt gc t ggccggc 4 BO 

agcaacgaca ttrttcfctctg gaccactgcg g cq g cca cca gcggctccgg cgtgacgccc 540 

gccattgcca cggcccaggt gcagcaggcc gcgacggacc tggtcggcta tgtcaaggac 600 

atgatcgcca agg gt gc ga c gcaggtctac gtgttcaacc tgcccgaeag cagcctgacg 660 

ccggacggcg tggcaagcgg cacgaocggc caggcgctgc tgcacgcgct ggtgggcacg 120 

ttcaacacga cgctgcaaag cgggctggcc ggcacctcgg cgcgcatcat cgacttcaac 7B0 

gcscaactga ccgcggcgat ccagaatggc gcc t cg t tcg gcttcgccaa caccagcgcc 640 

cgggcc t g c g acgccaccaa gatcaatgcc ctg gt gccga gcgccggcgg cagctogetg 900 

ttctgctcgg ccaacacgct ggtggcttcc ggtgcggacc agagctacct gttcgccgac 960 

ggegtgcace egaccacggc cggccatcgc ctgatcgcca gcaacgtgct ggcgcgcctg 1020 
ctggcggata acgtcgcgca ctga ' 1044 
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Figure 16 
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10 
— #■- 


20 
— *- 


30 
— i- 


40 
— -+- 


50 
-I 


HDTRIWSRIV«FBDSLSDT6)0iYSKMRBYLPSSPPYYEERFSH--6 

QSGHPNVBKVQRWVFGD5LSDIGT YTPVftafM&EKFTTNPS 

. . .adnraaf«iRiVnFGDSLSDiEk. ..... .YlPsa^asgeEHFsn. . G 


51 
I- 


60 
— i- 


70 


80 


90 

- — t- 


100 

-I 


PVMl£QLTKQFPannHEnEGGnTnWYH)OSHHPKYQVIl«UWEV^ 
PIHJOVflRX^SVTLTPnVMGYHTSVQHCPKHECFDYRQEBSRVTlH'HS 
P ! HaEijlaaQl . 61Tianaae6gflTaVannkiagnf dYaqgnnrdt Spnq 


101 
I- 


110 
■■■ -» - 


120 


130 
■ ■ »■ 


140 


150 
-I 


FlQKDSFKPDDLVILHVGnNDYLflYG — UNTEQDftt&VRDfllSDRfUiRttV 
IGHH6GBGRLTYPVQQQlJ)HFYRBSNNTFN^H0Wn^6SIIDIHirrr 
igqndgagaddlp ! qqqgRNdYaflsn..fNg8*Da!a-Vraa±nBaanrRt 


151 
I- 


160 


170 
1— 


180 
1~ 


190 
— i- 


200 
-I 


UlGRKqillJ^roLGQKPSflRStiKVVEHVSHrc 

fmniS6S6VTPnlflTR0AWRRTDLV6Y^(0niffl(m 

aaaak<|iglf naialaQn()sRas41Vgeakdh ! a aganql . UHLartjla 


201 
I- 


210 




220 
i 


230 
t 


240 


250 
-I 


PTBMVKLFEIDKqFnEMLRDPQIlFGLSOVeM^DGSYVWKPFBTRSVST 
TPDGVBSGTTGIlRLLHRLVGTFmLQStaJlGTSnRII^ 
PpdgValgeidqalacaLrdpqHfgLqdgeagcsargidf naqaTaa!«pi 


251 
I- 


260 
t— 


270 

■ ■ « ■ 


280 


290 
i 


300 


DROLSflFSPQERLRIRB— HPLLBOnVflSPM flRRSnSPLHCEEKMFH 

Gf^EFRNTSflRfiCDflTKINRL VPSflBESSLFCSRirrLVflSGRDiPYLFH 
daqlgaanpqaRaadRg . . NaLlaqflgaSp$. . . RrrlaapgadSgkJFa 


301 


310 
-f- 


320 


330 
-I 


DQVJffTTVVHJfflLSERflHTFIETQYEFLflH 
DGVJJPTTREHRLJflSHVL RRLLfl — DMVI1H 

DqVHPTTagHaaiaeraaariea. . SnlflH 
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